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FOREWORD 


This  research  project  was  conducted  for  the  National  Shipbuilding  Research  Program 
(NSRP)  as  a  cooperative  cost-shared  effort  between  the  U.S.  Navy  and  National  Steel 
and  Shipbuilding  Company  (NASSCO)  of  San  Diego,  California.  The  Facilities  and 
Environmental  Effects  Panel  (SP-1)  of  SNAME's  Ship  Production  Committee  sponsored 
the  project  under  the  technical  direction  of  Lynwood  Haumschilt,  Program  Manager  for 
Resource  Management  Panels. 

The  research  was  conducted  by  NASSCO  and  Beta  Gamma  Services  under  the 
direction  of  T.  Michael  Chee,  Project  Manager,  and  the  final  report  was  prepared  by 
NASSCO. 

The  project  team  would  like  to  acknowledge  the  assistance  provided  by  members  of  the 
NASSCO  Environmental  Engineering  staff,  as  well  as  the  NASSCO  Paint  and  Surface 
Preparation  Department.  Thanks  are  also  extended  to  the  many  shipyards  and  vendors 
who  provided  information  and  took  time  from  their  busy  schedules  to  complete  survey 
forms  and  conduct  follow-up  teleconferences. 

A  special  thank-you  goes  to  Marinette  Marine,  Inc.  of  Sturgeon  Bay,  Wisconsin  for 
providing  the  used  coal  slag  abrasive  sample  for  performance  testing,  as  well  as 
technical  support  to  the  project. 


EXECUTIVE  SUMMARY 


Spent  blast  media  represents  a  major  volume  component  of  shipbuilding  and  ship  repair 
wastes  sent  to  landfill  disposal.  As  landfill  disposal  of  solid  waste  becomes  increasingly 
expensive  and  restrictive,  it  is  in  the  best  interest  of  shipyards  to  investigate  alternative 
methods  of  abrasive  waste  management.  The  primary  objective  of  this  project  was  to 
study  the  technical  feasibility  and  economic  impacts  of  alternative  methods  of  managing 
the  waste  stream  produced  through  shipyard  abrasive  blasting  operations. 

Tasks  conducted  as  part  of  the  project  research  included: 

•  A  survey  of  shipyards  to  determine  current  practices  in  handling  and  disposal  of 
used  abrasive, 

•  Evaluation  of  treatment  technologies  for  used  mineral  slag  abrasive, 

•  Laboratory  and  pilot  scale  performance  testing  of  selected  technologies,  and 

•  Detailed  economic  analyses  of  the  identified  technologies  to  determine  relative  cost 
effectiveness. 

Through  surveys  and  other  investigation,  this  study  has  identified  several  potential 
methods  for  shipyards  to  reduce  abrasive  waste  costs  and  landfill  disposal  volumes. 

The  methods  that  were  shown  to  have  both  technical  and  economic  feasibility  for 
copper  and  coal  slag  included  recycling  into  cement,  asphalt  or  concrete  and  reuse  for 
abrasive  blasting.  Cement  and  asphalt  recycling  of  spent  abrasive  are  currently 
practiced  in  various  areas  of  the  country,  while  a  market  is  yet  to  be  developed  for 
recycling  abrasive  into  concrete. 

The  economic  analyses  performed  in  this  project  pointed  to  potential  cost  savings  for 
both  recycling  and  reuse  of  spent  slag  abrasives  when  compared  to  disposal.  For 
recycling  the  savings  can  be  as  much  as  50%,  as  compared  to  non-hazardous  landfill 
disposal.  Reusing  abrasives  can  result  in  savings  of  up  to  130%  in  new  material  costs 
and  55%  in  disposal  costs,  depending  on  the  quantity  of  abrasive  reused  on  a  yearly 
basis.  For  reused  abrasive  to  meet  specification  requirements,  processing  is  normally 
required  for  sizing  and  contamination  removal.  On-site  thermal  reclamation  systems 
are  available  for  shipyards.  Equipment  and  set-up  costs  for  such  systems  can  be 
recovered  in  as  little  as  two  years  if  a  sufficient  quantity  of  spent  abrasive  can  be 
generated  for  reuse. 
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1.  INTRODUCTION 


1.1  Background 

Landfill  disposal  of  solid  waste  from  municipal  and  industrial  sources  is  becoming 
increasingly  expensive  and  restrictive.  These  trends  will  continue  as  existing  landfills 
are  filled  to  capacity  and  as  disposal  regulations  become  more  stringent.  Industries 
utilizing  landfills  for  disposal  of  their  solid  wastes  are  not  only  concerned  with  decreased 
availability  of  disposal  sites  and  escalating  disposal  costs,  they  may  also  face  potential 
long-term  environmental  liabilities  associated  with  those  wastes. 

The  shipbuilding  and  ship  repair  industry  is  especially  concerned  with  solid  wastes 
generated  by  the  abrasive  blasting  process  because  'spent'  blast  media  represents  the 
major  volume  component  of  shipbuilding/repair  wastes  sent  to  landfill  disposal.  To 
address  the  economic  and  environmental  disadvantages  associated  with  landfill 
disposal  of  waste  abrasive  blast  media,  the  National  Shipbuilding  Research  Program 
(NSRP),  Facilities  and  Environmental  Panel  SP-1,  authorized  Project  N1-93-1, 
"Feasibility  and  Economics  Study  of  the  Treatment,  Recycling  and  Disposal  of  Spent 
Abrasives".  The  NSRP  commissioned  National  Steel  and  Shipbuilding  Company 
(NASSCO),  to  perform  this  investigation. 

1.2  Objectives 

The  original  abstract  for  Project  N1-93-1  stated  the  objective  as  "determine  the  most 
cost  effective  options  available  to  shipyards  for  the  treatment,  reuse,  recycling  and 
disposal  of  spent  abrasives,  particularly  mineral  slag."  The  NASSCO  technical  proposal 
ultimately  approved  by  Panel  SP-1  guided  this  investigation.  The  proposal  restated  the 
abstract  objective  and  expanded  upon  it  with  the  following: 

•  Determine  the  most  cost  effective  options  available  to  shipyards  to  handle,  treat, 
reuse,  recycle  or  dispose  of  the  various  types  of  spent  abrasives, 

•  Identify  the  various  types  of  treatment  technologies  and  recycling  methods 
currently  being  used  on  spent  abrasive  and  related  materials, 
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Note:  A  point  of  terminology  requires  clarification  here.  The  term  'spent'  in  reference  to 
abrasives  is  commonly  used  in  industry  to  describe  abrasive  blasting  media, 
especially  mineral  slag,  that  have  been  used  one  time  and  are  considered  to  be 
waste.  In  this  study,  it  was  established  that  mineral  slag  abrasives  that  have 
been  used  for  blasting  only  one  time  (so  called  'spent'  abrasives),  are  potentially 
suitable  for  reuse.  Therefore,  for  accuracy  and  clarity,  the  term  used  abrasives  is 
substituted  for  'spent'  abrasives  hereafter  in  this  report. 

1.3  Report  Structure 

The  report  is  presented  in  five  sections: 

Section  1:  Introduction,  includes  background  information  to  place  the  project  in 
perspective,  a  statement  of  project  objectives,  and  an  overview  of  the  report 
structure; 

Section  2:  Study  Design,  describes  the  general  approach  used  in  this  two-phase 
investigation; 

Section  3:  Findings,  presents  and  summarizes  the  information  and  data  developed  by 
the  project.  Included  is  a  discussion  of  the  shipyard  current  practices  survey,  an 
overview  of  abrasive  management  options,  and  performance  testing  data; 

Section  4:  Discussion,  is  an  evaluation  of  the  technical  and  economic  feasibility  of  the 
range  of  abrasive  management  options. 

Section  5:  Conclusions,  reviews  the  significant  findings  of  the  project. 
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2.  STUDY  DESIGN 

The  'used  abrasive'  study  was  performed  in  two  distinct  phases.  The  strategy  and 
scope  for  each  phase  are  described  as  follows: 

2.1  Phase  1 

Phase  1  was  a  fact-finding  effort  focused  on  development  of  a  clear  understanding  of 
the  magnitude  of  the  used  abrasive  blast  media  issue  within  the  shipbuilding  and  ship 
repair  industry.  The  Phase  1  background  information  was  seen  as  essential  to  ensuring 
that  the  project  findings  would  ultimately  be  relevant  to  industry  needs.  The  Phase  1 
effort  was  also  aimed  at  identification  of  the  range  of  viable  used  abrasive  management 
options.  Phase  1  included  the  following  tasks: 

•  Investigation  of  current  practices  used  by  shipyards  and  related  industries  in 
handling  and  disposal  of  used  abrasives.  Surveys  were  used  to  gather  information 
from  shipyards  and  abrasive  vendors. 

•  Evaluation  of  treatment  technologies  for  used  abrasive  or  related  materials.  Site 
visits  to  observe  treatment  technology  demonstrations. 

•  Development  of  an  overview  of  potential  abrasive  management  options  and  a 
strategy  for  Phase  2  testing  programs. 

•  Report  and  presentation  of  Phase  1  findings. 

2.2  Phase  2 

Phase  2  emphasized  evaluation  of  promising  technologies  identified  during  Phase  1  of 
the  study.  A  best  engineering  judgment  screening  evaluation  was  applied  to  assess  the 
technical  feasibility  and  practicality  of  each  technology.  For  selected  technologies  that 
were  judged  to  have  significant  potential  but  were  as  yet  unproved,  the  Phase  2 
evaluation  included  laboratory  and  pilot  scale  performance  testing  and  cost  analysis 
development.  Details  of  test  methods  used  in  the  performance  testing  program  are 
provided  in  Section  3.3,  Performance  Testing  of  Selected  Options.  Specific  tasks 
performed  during  Phase  2  were: 

•  Evaluation  and  performance  testing  of  technologies  identified  in  Phase  1 ; 
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•  Proposal  preparation  and  solicitation,  vendor  selection,  and  oversight  of  testing 
programs; 

•  Economic  analyses  of  the  identified  technologies  to  determine  their  relative  cost 
effectiveness; 

•  Development  of  findings  and  recommendations,  preparation  of  the  project  final 
report,  and  an  oral  presentation  to  the  SP-1  Panel. 
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3.  FINDINGS 

3.1  Current  Practices  Survey 

The  current  practices  survey  focused  on  investigation  of  current  and  potential  methods 
for  handling  and  disposal  of  used  abrasives.  The  survey  targeted  shipbuilding  and  ship 
repair  facilities,  vendors  of  abrasives  and  equipment,  and  others  with  knowledge  of 
abrasives  and  abrasive  handling  equipment  or  technologies.  Information  was  collected 
through  printed  questionnaires  and  interviews  (telephone  and  in-person). 

A  printed  survey  questionnaire  was  distributed  to  the  six  major  shipbuilding  and  repair 
facilities.  Also,  to  obtain  a  broader  perspective,  the  questionnaire  was  distributed  to 
regional  representatives  of  several  medium  sized  and  small  repair  yards  covering  a 
variety  of  used  abrasive  situations  throughout  the  country.  For  each  facility,  the 
questionnaire  requested  information  on  the  types  and  quantities  of  abrasives  in  use  and 
the  management  options/disposal  methods  and  costs  for  each  abrasive.  The 
questionnaire  was  refined  as  the  survey  progressed  and  the  final  revision  of  the 
questionnaire  is  provided  in  Appendix  A.  When  necessary,  telephone  interviews  with 
shipyard  personnel  were  conducted  to  follow-up  on  the  questionnaire.  Telephone  and 
in-person  interviews  were  also  conducted  with  vendors,  and  others,  to  identify  viable 
and  commercially  available  technologies  with  potential  application  for  used  abrasive 
management.  Data  assembled  through  the  questionnaire  process  is  summarized  in 
Appendix  A-2:  Survey  Results. 

Figure  1 :  Abrasive  Usage,  is  a  pie  chart  depiction  of  the  relative  proportions  of  various 
abrasives  in  use  at  the  facilities  that  responded  to  the  questionnaire.  Usage  is  defined 
as  tons  of  abrasive  consumed  per  year.  It  can  be  seen  that  coal  slag  and  copper  slag 
abrasive  comprise  almost  90%  of  the  industry  consumption.  Coal  slag  is  the  primary 
abrasive  blast  media  used  by  shipyards  located  on  the  Gulf  of  Mexico  and  the  Atlantic 
coast.  Copper  slag  is  the  blast  media  most  used  by  Pacific  coast  facilities.  Steel  grit  or 
shot  and  sand  make  up  about  10%  of  annual  consumption  industry-wide,  with  specialty 
abrasives  (such  as  aluminum  oxide  and  garnet)  making  up  the  small  difference. 
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Shipyard  Survey  Results 
INDUSTRY  ABRASIVE  MEDIA  USAGE* 


Steel  Grit/Shot  Sand  Misc. 

6%  4%  2% 


68% 


*Based  on  tons  used  per  year  as  reported  by  26  U.S.  Shipyards  and  Boatyards 

Figure  1:  Abrasive  Usage 
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3.2  Management  Options  for  Used  Abrasives 

Findings  of  the  current  practices  surveys  were  reviewed  and  evaluated  to  identify 
potentially  viable  abrasive  management  options.  All  of  the  known  options  identified 
were  categorized  in  terms  of  the  three  main  pathways;  disposal,  reuse,  or  recycling.  A 
schematic  representation  of  the  options  identified  is  shown  in  Figure  2:  Abrasive 
Management  Options.  (Note:  Reuse  indicates  that  the  abrasive  blast  media  is 
reclaimed  specifically  for  abrasive  blasting  purposes,  while  recycling  is  defined  as  the 
beneficial  application,  other  than  blasting,  of  any  component  or  property  of  the  used 
media.) 

The  top  of  Figure  2  starts  with  new  (virgin)  abrasive  media  being  blasted  and  resulting 
in  a  pile  of  used  abrasive.  At  the  center  is  the  representative  pile  of  used  abrasive  with 
arrows  showing  the  various  pathways  or  options  available  for  managing  the  waste 
abrasive.  The  left  side  shows  various  reuse  processes,  possibly  producing  additional 
media  for  re-blasting,  or  producing  waste  (hazardous  or  non-hazardous)  for  disposal. 
To  the  right  are  possible  recycling  options,  which  may  result  in  left  over  waste  for 
disposal.  The  bottom  of  the  figure  indicates  that  some  abrasive  waste  is  only  suitable 
for  direct  disposal,  either  hazardous  or  non-hazardous,  depending  on  the  chemical 
properties  of  the  waste. 
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FIGURE  2:  ABRASIVE  MANAGEMENT  OPTIONS 

I  NEW  BLAST  MEDIA 


OTHER  PROCESSING 
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Figure  2.  Abrasive  Management  Options 
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3.3  Performance  Testing  of  Selected  Options 

Since  several  technologies  were  identified  within  both  the  Reuse  and  Recycling 
pathways  of  the  Abrasive  Management  Options  scheme  (Figure  2),  and  because  project 
resources  were  limited,  it  was  necessary  to  prioritize  the  options  to  determine  which 
should  undergo  actual  performance  testing  in  Phase  2  of  the  study.  The  Phase  2 
testing  plan  was  determined  through  an  evaluation  of  several  factors  for  each  of  the 
identified  abrasive  management  options.  First  of  all,  proven  technologies  and  those 
methods  already  established  for  management  of  abrasives  were  not  candidates  for 
Phase  2  performance  testing.  For  the  remaining  identified  options,  the  primary 
screening  tool  was  application  of  best  engineering  judgment  to  evaluate  technological 
feasibility. 

Other  factors  that  were  considered  within  and  in  addition  to  best  engineering  judgment 
were  demonstrated  technical  feasibility,  commercial  availability  of  the  technology, 
relative  costs,  and  potential  regulatory  issues.  It  was  also  determined  that  performance 
testing  should  be  performed  on  both  coal  slag  and  copper  slag  abrasives  to  account  for 
regional  differences  in  mineral  slag  abrasive  usage.  The  used  copper  slag  test  sample 
was  obtained  from  NASSCO  shipyard  in  San  Diego,  California  and  the  coal  slag  sample 
from  Marinette  Marine  in  Sturgeon  Bay,  Wisconsin.  All  performance  testing  programs 
were  conducted  by  qualified  independent  contractors  and  testing  laboratories  so  that 
documented  results  could  be  used  to  address  the  local  regulatory  and  market  concerns 
of  individual  shipyards. 

The  performance  testing  plan  consisted  of  recycling  testing  and  reuse  testing.  Each 
test  method  is  described  below. 

3.3.1  Recycling  Testing 

As  defined  in  this  study,  recycling  is  the  beneficial  application,  other  than  blasting,  of 
any  component  or  property  of  the  used  abrasive  blast  media.  Recycling  testing 
consisted  of  preliminary  material  characterization  followed  by  the  introduction  of  used 
abrasive  as  the  fine  aggregate  component  in  both  Portland  cement  concrete  (PCC)  and 
asphalt  concrete  (AC).  Performance  testing  of  PCC  and  AC  was  then  conducted  to 
verify  conformance  with  industry  specifications. 
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Recycling  into  concrete  involves  the  substitution  of  used  slag  abrasive  for  all  or  part  of 
the  fine  aggregate  in  either  conventional  concrete  (Portland  cement  binder)  or  asphalt 
concrete,  more  commonly  known  as  blacktop  (organic  emulsion  binder).  Concrete  was 
selected  for  performance  testing  because,  of  the  technically  feasible  recycling  methods 
identified,  the  concrete  option  was  judged  to  have  the  greatest  potential  for  wide 
application  throughout  the  shipbuilding  industry.  The  feasibility  of  incorporating  used 
abrasive  materials  as  aggregates  in  Portland  cement  concrete  or  asphalt  concrete 
mixes  has  been  investigated  previously.  These  attempts,  particularly  for  Portland 
cement  concrete,  have  met  with  mixed  success.  However,  the  use  of  spent  copper  slag 
as  an  additive  in  the  production  of  asphalt  concrete  is  an  established  practice  in  the 
Western  U.  S. 

To  evaluate  the  feasibility  of  using  actual  shipyard  abrasive  blast  media,  a  systematic 
approach  to  testing  and  analysis  under  controlled  laboratory  conditions  was  designed. 
Early  in  the  test  program,  it  became  apparent  that  the  testing  would  best  be  separated 
into  two  distinct  steps  or  phases.  The  objective  of  the  initial  testing  phase  was  to 
analyze  and  characterize  samples  of  the  spent  copper  and  coal  slag  abrasive.  If  the 
material  analyses  indicated  that  the  materials  were  potentially  acceptable  for  intended 
uses  as  aggregates  in  Portland  cement  concrete  or  asphalt  concrete,  a  follow-on  testing 
phase  would  be  conducted  to  evaluate  the  actual  performance  aspects  of  the  slag  as 
compared  to  reference  batches  or  concrete  reference  standards. 

Material  Characterization 

Following  development  of  the  test  strategy,  NASSCO  sent  proposal  requests  for 
characterization  testing  to  four  recognized  test  facilities  -  two  in  the  local  San  Diego 
area,  one  in  the  Midwest,  and  one  in  the  East.  Based  on  the  quality  of  their  proposal 
and  their  reputation  in  the  concrete  industry,  Construction  Technology  Laboratories 
(CTL)  of  Skokie,  Illinois  was  selected  to  perform  the  initial  testing  phase.  The  approach 
to  the  analysis  and  characterization  testing,  as  proposed  by  CTL,  is  outlined  below. 

•  Chemical  analysis,  organic  and  inorganic,  to  determine  the  concentrations  of 
various  materials  that  may  affect  the  setting  of  fresh  concrete  or  durability  of 
hardened  concrete:  alkalies,  sulfate,  carbon,  chlorides,  lead,  magnesium,  strontium, 
and  zinc. 
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•  Petrographic  examination  in  accordance  with  ASTM  C  295  (Standard  Guide  for 
Petrographic  Examination  of  Aggregates  for  Concrete)  will  indicate  the  mineralogy, 
lithology,  microstructure,  and  presence  of  coatings  and  deleterious  material. 

•  Testing  for  reactivity  with  alkalies  in  accordance  with  ASTM  C  1260  (Standard  Test 
Method  for  Potential  Alkali  Reactivity  of  Aggregates)  will  indicate  the  tendency  of  the 
material  to  react  with  the  alkalies  in  cement.  Alkali-reactive  aggregates  may  cause 
destructive  expansion  of  concrete. 

•  Gradation  (sieve)  analysis  (ASTM  C  33)  is  necessary  to  determine  the  particle  size 
grading  of  the  abrasive  as  it  compares  to  normal  concrete  sand.  An  unfavorable 
particle  size  grading  will  affect  the  properties  of  the  fresh  concrete,  making  it  difficult 
to  obtain  a  high  quality  of  hardened  concrete. 

•  Specific  gravity  and  water  absorption  testing  (ASTM  C  1 28:  Standard  Test  Method 
for  Specific  Gravity  and  Absorption  of  Fine  Aggregate)  will  be  used  for  calculating 
mix  designs. 

Test  Results 

Results  from  the  characterization  testing  done  by  CTL  are  summarized  as  follows. 

Chemical  Analysis:  Inorganic  analysis  indicated  no  potential  problem  with  either 

copper  or  coal  slag  with  respect  to  cement  hydration.  Organic  analysis  indicated 
somewhat  elevated  levels  of  elemental  carbon  for  both  slags,  which  could  affect 
concrete  setting  time,  admixture  effectiveness,  air  content,  or  air  void  parameters. 
(Note:  Since  the  used  slag  samples  were  gathered  from  shipyard  blasting  operations, 
paint  chips  and  organic  debris  were  found  in  both  slag  samples.) 

Petrographic  Analysis:  For  copper  slag,  the  presence  of  paint  chips  and  organic 

material  may  be  deleterious  in  Portland  cement  concrete.  Also,  the  presence  of 
sulfides  may  react  negatively  with  alkalies  in  Portland  cement.  For  coal  slag,  the 
dense,  vitreous  (glassy)  particles  appeared  suitable  for  use  in  Portland  cement 
concrete,  provided  the  slag  is  not  reactive  with  cement  alkalies.  Also,  the  presence  of 
organic  paint  fragments  may  interfere  with  normal  cement  hydration.  (The  coal  slag 
sample  contained  less  paint  than  the  copper  sample.) 
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Test  for  Reactivity  with  Alkalies  (ASTMC-1260):  Copper  slag  could  not  be  tested 

for  alkali  reactivity  because  the  mortar  bar  test  specimens  did  not  set  up  adequately. 
CTL  could  not  explain  the  problem,  but  hypothesized  that  it  may  be  due  to  the 
presence  of  organics  (paint  chips).  (The  copper  slag  was  re-tested  for  reactivity  at 
another  lab  during  the  performance  testing  phase.)  Coal  slag  test  specimens 
exhibited  no  problems  in  mortar  bar  set  up.  Results  indicated  negative  reaction  of  coal 
slag  with  alkalies,  i.e.  coal  slag  passed  this  test. 

Gradation:  Both  abrasive  were  graded  in  accordance  with  ASTM  C-33,  Standard 
Specifications  for  Concrete  Aggregates.  Gradation  (sieve  analysis)  data  are  shown  in 
Table  1 :  Sieve  Analysis  Comparison.  Results  for  the  copper  slag  sample  indicated 
that  the  particle  size  distribution  is  very  close  to  meeting  the  specification  requirement. 
Particle  sizes  were  within  tolerance  for  all  sieve  sizes  except  #16  and  #50,  which 
contained  slightly  higher  than  allowable  percentages  of  material  passing. 

Coal  slag  gradation  revealed  that  the  sample  was  generally  finer  in  most  sieve  sizes 
than  the  specification  requirement.  The  deviation  ranged  from  about  10%  higher  for 
the  #1 6  sieve  to  4%  higher  for  the  #1 00  sieve.  Both  Construction  Technologies 
Laboratory  and  Law  Crandall,  Inc  deemed  the  overall  effect  of  this  particle  size 
deviation  on  the  results  of  concrete  performance  testing  insignificant. 

Specific  Gravity  and  Water  Absorption  (ASTMC-128):  Results  of  these  tests,  for  both 
copper  and  coal  slag,  indicate  that  the  samples  are  acceptable  for  use  in  concrete. 

Summary  of  Results 

Overall,  results  of  characterization  testing  by  CTL  for  the  copper  slag  sample  indicated 
that  there  is  potential  for  retarded  setting  if  this  material  was  to  be  used  in  concrete  due 
to  the  presence  of  organic  matter.  According  to  CTL,  the  sample  tested  would  not  be 
suitable  for  use  in  concrete  -  either  as  aggregate  or  as  a  supplementary  cementing 
material  -  without  further  processing  to  neutralize  or  remove  organic  impurities. 

For  coal  slag,  overall  initial  indications  were  positive.  Characterization  test  results 
showed  no  apparent  problems  for  use  in  concrete. 
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SIEVE  ANALYSIS  COMPARISON  FOR  ”AS  RECEIVED”  ABRASIVES 

Results  for  tests  conducted  at  three  facilities: 

Coreco  =  Coreco,  Inc.,  Milwaukee,  WI 
CTL  =  Construction  Technology  Laboratory,  Chicago,  IL 
LCI  =  Law  Crandall,  Inc.,  San  Diego,  CA 


SIEVE 

CUMULATIVE  %  RETAINED 

# 

COPPER  SLAG 

C  OAL  SLA< 

r' i 

ur 

ASTM 

Coreco 

CTL 

LCI 

Coreco 

CTL 

LCI 

C33 

6 

0.17 

— 

— 

0 

— 

— 

— 

8 

— 

0.17 

1.0 

— 

0.22 

0 

0-20 

12 

1.74 

— 

— 

0.71 

— 

— 

— 

16 

— 

10.62 

11.0 

— 

4.49 

6.0 

15-50 

20 

26.45 

— 

— 

14.15 

— 

— 

— 

30 

49.22 

43.31 

42.0 

27.97 

28.45 

28.0 

40-75 

40 

69.21 

— 

— 

45.51 

— 

— 

— 

50 

81.54 

68.61 

68.0 

59.64 

62.04 

57.0 

70-90 

70 

87.95 

— 

— 

72.76 

— 

— 

— 

100 

93.34 

84.64 

83.0 

82.2 

85.3 

77.0 

90-98 

140 

96.49 

— 

— 

89.14 

— 

— 

— 

200 

97.97 

91.80 

91.2 

94.99 

94.44 

90.0 

95  -  100 

270 

98.7 

— 

— 

97.21 

— 

— 

— 

PAN 

100.0 

99.72 

- 

100.0 

99.74 

— 

— 

Numbers  in  Bold  indicate  conformance  with  ASTM  C33  acceptable  range  for  concrete 
aggregate. 


Table  1.  Sieve  Analysis  Comparison 
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Recycling  Performance  Testing 

The  scope  and  details  of  the  recycling  performance  testing  phase  were  determined  after 
reviewing  the  data  obtained  in  the  characterization  phase.  Proposal  requests  for 
performance  testing  were  sent  to  three  testing  facilities  -  Construction  Technology 
Laboratories  (CTL),  who  performed  the  characterization  tests,  and  two  local  San  Diego 
testing  consultants.  The  best  proposal  was  submitted  by  Law  Crandall  Inc.  (LCI)  of  San 
Diego. 

The  recycling  performance  testing  program  recommended  by  LCI  consisted  of  the 
following: 

•  Additional  follow-on  analysis  and  material  characterization  based  on  results  of  the 
initial  phase,  including  organic  impurities  test  and  alkali  reactivity  retest  for  copper 
slag;  and  gradation,  sodium  soundness,  sand  equivalence,  durability  index,  and 
mortar  strength  relative  to  Ottawa  sand  for  both  copper  and  coal  slag; 

•  Portland  Cement  Concrete  (PCC)  testing,  including  plastic  concrete  testing, 
compressive  strength,  modulus  of  elasticity,  drying  shrinkage,  and  flexural  strength; 

•  Asphalt  Concrete  (AC)  testing,  including  Marshall  stability,  specific  gravity,  bulk  unit 
weight,  immersion  compression,  and  film  stripping. 

The  recycling  performance  testing  plan  is  summarized  in  Table  2.  (The  test  plan  is 
discussed  in  detail  in  Appendix  B:  Law  Crandall,  Inc.  Report  on  Recycling  Testing.) 
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Table  2:  Concrete  Recycling  Performance  Testing  Plan 


Test  Name/Method 

Test  Standard 

Copper 

Slag 

Coal 

Slag 

Potential  Alkali  Reactivity  for  Aggregates 

ASTM  Cl 260 

Yes 

(re-test) 

No 

Deleterious  Substances:  Organic  Impurities 

ASTM  C40 

Yes 

No 

Deleterious  Substances:  Soundness 

ASTM  C88 

Yes 

Yes 

Gradation 

ASTM  Cl 36 

Yes 

Yes 

Effect  of  Organic  Impurities  on  Strength  of 
Mortar 

ASTM  C87 

If  required 

No 

Durability  Index 

Cal.  Dept,  of  Transportation 
(CalTrans)  229 

Yes 

Yes 

Sand  Equivalent 

CalTrans  217 

Yes 

Yes 

Mortar  Strength  Relative  to  Ottawa  Sand 

CalTrans  515 

Yes 

Yes 

Portland  Cement  Concrete  (PCC) 

Slump . 

ASTM  C143 

Yes 

Yes 

Air  Content . 

ASTM  C173 

Yes 

Yes 

Unit  Weight  Yield . 

ASTM  C138 

Yes 

Yes 

Temperature . 

ASTM  Cl 064 

Yes 

Yes 

Setting  Time . 

ASTM  C403 

Yes 

Yes 

Compressive  Strength . 

ASTM  C39 

Yes 

Yes 

Modules  of  Elasticity . 

ASTM  C469 

Yes 

Yes 

Drying  Shrinkage . 

ASTM  Cl 57 

Yes 

Yes 

Flexural  Strength . 

ASTM  C78 

Yes 

Yes 

Asphalt  Concrete  (  AC) 

Marshall  Stability . 

ASTM  D1559 

Yes 

Yes 

Specific  Gravity . 

ASTM  D2041 

Yes 

Yes 

Bulk  Unit  Weight . 

ASTM  D1 188 

Yes 

Yes 

Immersion  Compression . 

ASTM  C4867 

Yes 

Yes 

Film  Stripping . 

CalTrans  302 

Yes 

Yes 
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Test  Results 

Complete  findings  from  the  recycling  performance  testing  phase  are  discussed  in  the 
report  by  Law  Crandall,  Inc.,  shown  in  Appendix  A.  Significant  results  are  summarized 
below. 

Phase  1  Follow-On  Analysis:  The  organic  impurities  test  for  copper  slag  did  not 

indicate  the  presence  of  injurious  organic  compounds.  However,  as  in  the  initial 
characterization  testing,  the  copper  slag  sample  could  not  be  tested  for  alkali 
reactivity  due  to  the  failure  of  the  mortar  bars  to  set  up  in  a  timely  manner.  Results 
of  other  analyses  were  within  the  normal  ranges  for  concrete,  except  for  mortar 
strength  relative  to  Ottawa  sand,  which  was  about  20%  of  the  sand  value  for  copper 
slag  and  65%  for  coal  slag. 

Portland  Cement  Concrete  (PCC)  Testing:  PCC  performance  testing  could  not  be 

run  using  copper  slag,  because  the  concrete  test  samples  did  not  attain  sufficient 
strength  to  test.  Further  evaluation  would  be  required  to  determine  the  cause  of  the 
setting  problem. 

For  coal  slag,  results  of  PCC  performance  testing  are  summarized  in  Table  3: 
Portland  Cement  Concrete  Test  Results.  Results  are  compared  to  expected  values 
for  concrete  made  without  slag.  The  comparison  indicated  that  concrete  made  with 
coal  slag  had  similar  properties  as  concrete  made  with  sand.  LCI  concluded  that 
these  findings  support  the  feasibility  of  using  coal  slag  in  concrete.  Further  testing  to 
evaluate  the  long-term  performance  of  concrete  made  with  coal  slag  was 
recommended. 

Asphalt  Concrete  (AC)  Testing:  Test  results  for  both  copper  and  coal  slag  are 
summarized  in  Table  4:  Asphalt  Concrete  Test  Results.  Four  trial  batches,  using 
different  asphalt  contents  typical  of  mix  designs  used  in  the  San  Diego  area,  were 
tested  for  each  abrasive.  Results  indicated  that  AC  batches  made  with  both  copper 
and  coal  slag  had  similar  stability  and  flow  as  AC  made  with  sand.  According  to  LCI, 
these  findings  are  an  initial  indication  of  the  feasibility  of  using  both  copper  and  coal 
slag  in  asphalt  concrete.  Again,  further  testing  was  recommended  to  evaluate  the 
long-term  performance  of  asphalt  concrete  made  with  copper  and  coal  slag. 
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Summary  of  Results 

In  summary,  both  copper  and  coal  slag  appear  to  show  promise  for  potential  use  as  a 
partial  replacement  for  fine  aggregate  in  asphalt  concrete  (AC).  For  Portland  cement 
concrete  (PCC),  coal  slag  appears  to  be  a  viable  replacement  for  sand  as  a  fine 
aggregate.  Since  the  copper  slag  sample  tested  experienced  mortar  and  concrete 
setting  problems,  further  testing  with  other  samples  would  be  required  to  determine  the 
feasibility  of  using  copper  slag  in  PCC. 


Table  3:  Portland  Cement  Concrete  Test  Results 


Coal  Slag  Batch 

Approximate  Expected  Values  for 
Similar  Concrete  Made  with 

Washed  Concrete  Sand  (No  Slag). 

Slump  (ASTMC143) 

6.5” 

3”  to  6” 

Unit  Weight  (ASTM  C138) 

132.8  pcf 

140  to  145  pcf 

Temperature  (ASTM  0064) 

78°  F 

70°  to  85°  F 

Setting  Time  (ASTM  C403) 

Initial  Set  Time:  640 

120  to  240  minutes 

minutes 

Compressive  Strength  Test  Data  (ASTM  C39) 

7  Day 

2260  psi 

28  Day  (Test  1) 

3100  psi 

28  Day  (Test  2) 

3020  psi 

3200  to  3800  psi  * 

56  Day 

3360  psi 

Modulus  of  Elasticity  at  28  Days  (ASTM  C469) 

1.955,000  psi 

2.500,000  to  3,000,000  psi 

Drying  Shrinkage  (ASTM  Cl 57  modified) 

7  day  expansion 

0.003% 

7  day  drying 

0.022% 

14  day  drying 

0.030% 

21  day  drying 

0.035% 

28  day  drying 

0.040% 

0.04%  to  0.05% 

Flexural  Strength  (ASTM  C78) 

28  Day  Flexural  Strength  -  430  psi 

450  to  550  psi 

*  The  28  day  compressive  strength  test  data  was  obtained  from  a  statistical  summary  of  108  production 
batches  made  with  washed  concrete  sand  (no  slag);  the  cumulative  average  compressive  strength  was 
3485  psi. 
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Table  4:  Asphalt  Concrete  Test  Results 


The  proposed  mix  is  run  at  different  asphalt  contents  and  the  optimum  asphalt  content  is  chosen  based  on 
the  results  of  the  tests  performed.  The  results  for  the  mixes  at  different  asphalt  content  are  as  follows: 


Copper  Slag 

Asphalt  Content,  %  of  Total  Mix 

4.8 

5.3 

5.8 

6.3 

Typical 

Specification 

Maximum  Theoretical  Unit  Weight 

162.1 

160.8 

159.5 

158.2 

- 

Voids  in  Mineral  Aggregate  (VMA) 

20.8% 

21.4% 

21.3% 

20.7% 

Min.  15% 

Air  Voids 

11.1% 

10.6% 

9.3% 

7.5% 

3-5  % 

Corrected  Marshall  Stability 

2250 

1900 

1800 

1560 

Min.  1800 

Marshall  Flow 

15 

15 

16 

17 

8-16 

Bulk  Unit  Weight 

144.0 

143.7 

144.6 

146.3 

- 

Compaction  Temperature 

280 

280 

280 

280 

- 

Coal  Slag 

Asphalt  Content,  %  of  Total  Mix 

4.8 

5.3 

5.8 

6.3 

Typical 

Specification 

Maximum  Theoretical  Unit  Weight 

159.3 

158.1 

156.9 

155.6 

- 

Voids  in  Mineral  Aggregate  (VMA) 

22.1% 

22.3% 

21.2% 

19.9% 

Min.  15% 

Air  Voids 

10.9% 

10.0% 

7.6% 

4.9% 

3-5  % 

Corrected  Marshall  Stability 

2400 

2200 

2080 

1780 

Min.  1800 

Marshall  Flow 

13 

14 

15 

16 

8-  16 

Bulk  Unit  Weight 

142.0 

142.4 

145.0 

148.0 

- 

Compaction  Temperature 

280 

280 

280 

280 

- 
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3.3.2  Reuse  Testing 

As  defined  in  this  study,  reuse  means  that  used  slag  abrasive  is  recovered  specifically 
for  use  as  abrasive  blast  media.  Reuse  testing  consisted  of  rotary  calciner  thermal 
treatment  of  used  abrasive  to  achieve  simultaneous  contaminant  removal  and  size 
classification.  Performance  testing  was  also  conducted  to  verify  conformance  with  Steel 
Structures  Painting  Council  Specification  AB1,  Abrasive  Blasting  Media. 

The  concept  of  re-using  abrasive  blast  media  is  well  established  for  some  types  of 
abrasives,  such  as  steel  shot  and  garnet,  but  reuse  has  not  been  a  standard  practice  for 
mineral  slag  abrasive.  Conventional  wisdom  among  many  shipyard  sources  said  that 
mineral  slag  abrasive  was  not  suitable  or  cost  effective  for  repeat  blast  applications. 

The  reasons  commonly  given  for  this  were  that  mineral  slag  was  not  of  sufficient 
durability  to  survive  the  initial  blast  process  and  questions  of  potential  impurities  present 
in  the  used  slag. 

Since  no  hard  data  to  support  or  refute  the  feasibility  of  mineral  slag  abrasive  reuse 
could  be  located,  the  possibility  was  not  eliminated.  The  specific  questions  to  be 
answered  were;  1)  could  significant  volumes  of  adequate  particle  size  distribution  be 
available  after  the  initial  blast  process  to  allow  reuse,  and,  if  so,  2)  could  this  material  be 
cleaned  to  the  level  necessary.  If  re-using  slag  abrasive  could  be  proven  practical,  the 
potential  exists  for  significant  savings  in  both  material  and  disposal  costs.  Figure  3 
shows  a  sample  material  comparison  with  and  without  reuse.  Using  data  from  the 
project  surveys  and  tests,  there  is  potential  for  130%  in  material  savings  and  a  55% 
reduction  in  disposal  costs.  Economic  analyses  for  several  scenarios  of  abrasive  reuse 
are  presented  in  Section  4. 
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MATERIAL  COMPARISON  FOR  ABRASIVE  REUSE 


Assumptions: 

•  New  Abrasive  Cost  =  $50/ton 

•  Waste  Disposal  Cost  =  $50/ton 

•  Maximum  number  of  Reuses  =  2:  80%  recovered  after  first  use,  50%  after  second  use.  (Based  on 
slag  particle  size  analyses.) 


WITHOUT  REUSE 


REUSE 


Total  Material  Blasted  =  2.2  tons. 

Total  Material  Disposed  =  1  ton. 

Total  Material  Disposed  Per  Ton  Blasted 
=  1-7-  2.2  =  0.45  (55%  reduction) 


Figure  3:  Sample  Material  Comparison  for  Reuse  of  Slag  Abrasive 
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Early  results  from  the  material  characterization  step  of  the  recycling  testing  program 
were  compared  with  particle  size  distribution  requirements  for  abrasives  as  listed  in 
standard  specifications.  It  was  observed  that,  based  on  particle  size  alone,  there  were 
significant  volumes  (up  to  60%)  of  used  slag  media  that  were  potentially  available  for 
reuse.  (Particles  smaller  than  sieve  size  #70  (0.22  mm)  were  considered  too  small  for 
reuse  in  abrasive  blasting  operations.) 

This  finding  led  to  the  decision  to  evaluate  mineral  slag  reuse  through  a  two  step  test 
program.  First,  foundry  sand  reclamation,  an  established  thermal  technology  commonly 
used  to  remove  organic  materials  and  metals  from  sand,  was  applied  to  the  copper  and 
coal  slag  media.  The  'cleaned'  abrasive  was  then  evaluated  in  terms  of  its  physical  and 
chemical  characteristics  and  its  performance  characteristics  in  a  controlled  abrasive¬ 
blasting  test.  Descriptions  of  these  test  programs  are  summarized  below. 

Thermal  Reclamation 

The  system  chosen  to  test  the  thermal  reclamation  process  for  used  abrasive  was  that 
supplied  by  Coreco,  Inc.  of  Germantown,  Wisconsin.  The  system  has  been  used 
successfully  for  many  years  for  reclamation  of  foundry  sand,  which  was  expected  to  be 
similar  to  the  used  copper  and  coal  abrasive.  The  Coreco  process  can  be  summarized 
as  follows: 

•  Raw  material  (used  abrasive)  is  fed  into  a  metered  screw  feeder  at  the  top  of  the 
unit. 

•  Material  flows  through  a  rotary  calciner  (kiln)  where  organic  matter  and  other 
contaminates  are  incinerated  at  between  1400  and  1600  degrees  Fahrenheit. 

•  Cleaned  material  is  screened  and  sized  (classification)  as  required  for  the 
application. 

•  Dust  and  fines  are  collected  through  a  cyclone  and  dust  collection  (bag  house) 
system  adjacent  to  the  kiln. 
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Test  Results 

Samples  of  used  copper  and  coal  slag  were  processed  using  the  Coreco  reclamation 
system  at  the  Coreco  facility  in  Germantown,  Wisconsin.  The  system  was  successful  in 
removing  all  but  trace  amounts  of  the  organic  materials  present  in  the  used  abrasive. 
The  Coreco  processing  also  removed  a  majority  of  the  dust  and  fines  from  the  samples. 
The  classification  screening  feature  of  the  system  separated  the  cleaned  abrasive  into 
two  portions  -  one  greater  than  #70  mesh  and  one  smaller. 


Reuse  Performance  Testing 

Following  thermal  processing  of  the  abrasives  to  remove  organic  contaminates,  testing 
was  conducted  to  determine  the  ability  of  the  slag  to  be  reused  for  shipyard  blasting 
operations.  To  this  end,  KTA-Tator  (KTA),  Incorporated  of  Pittsburgh,  PA  was 
contracted  by  NASSCO  to  test  the  performance  of  the  abrasive  samples.  KTA  is 
nationally  recognized  in  the  coatings  industry  as  a  premier  consulting  and  testing 
organization.  The  objective  of  the  testing  by  KTA  would  be  to  determine  if  the  abrasive 
samples  conform  with  the  Steel  Structures  Painting  Council’s  Abrasive  Specification  No. 
1  (SSPC  -  AB  1 ).  If  the  abrasive  did  meet  AB  1 ,  this  would  be  a  clear  indication  of  the 
potential  for  re-using  the  cleaned  slag.  In  addition,  KTA  would  perform  a  breakdown 
analysis  to  evaluate  whether  the  used  slag  had  potential  for  another  reuse. 

The  test  program  performed  by  KTA  is  summarized  below.  A  complete  description  of 
the  testing  and  the  test  results  is  included  in  Appendix  C. 

The  following  tests  were  performed  to  determine  conformance  of  each  slag  with  SPCC  - 
AB  1: 

•  Specific  gravity  in  accordance  with  ASTM  C-128:  “Test  Method  for  Specific  Gravity 
and  Absorption  of  Fine  Aggregates”; 

•  Hardness  as  measured  on  the  Mohs  scale; 

•  Presence  of  water  soluble  contaminants  in  accordance  with  ASTM  D-4940:  “Test 
Method  for  Conductimetric  Analysis  of  Water  Soluble  Ionic  Contaminants  of  Blasting 
Abrasives”; 

•  Oil  content  as  determined  by  mixing  with  equal  volume  of  water. 
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In  addition  to  the  AB  1  testing,  KTA  performed  a  breakdown  analysis  on  each  abrasive. 
The  procedures  for  this  testing  are  summarized  below. 

•  Collect  abrasive  samples  in  accordance  with  ASTM  D-75:  “Method  for  Sampling 
Aggregates”; 

•  Perform  sieve  analysis  to  establish  the  pre-blast  particle  size  distribution  for  each 
abrasive; 

•  Perform  controlled  blasting  of  samples  in  a  specially  designed  blast  chamber  and 
dust  collection  system; 

•  Perform  sieve  analysis  to  establish  the  post-blast  particle  size  distribution  for  the 
abrasives. 

Abrasive  breakdown  was  calculated  based  on  the  comparison  of  the  pre-biast  versus 
the  post-blast  particle  size  distribution  of  the  abrasive.  Percentage  breakdown  was 
determined  by  finding  the  percent  change  in  average  particle  size  of  each  abrasive. 

The  dust  accumulated  in  the  collection  bag  was  weighed  to  determine  the  amount  of 
dust  generated  (percentage  of  total  sample  weight).  Surface  profile  generation  testing 
was  performed  to  determine  conformance  with  AB  1 . 

Test  Results 

Results  of  the  reuse  testing  performed  by  KTA  Tator,  Inc.  are  summarized  as  follows. 

•  Specific  gravity  of  both  copper  (2.74)  and  coal  (2.89)  slag  were  both  higher  than  the 
minimum  requirement  under  SPCC-AB  1  (2.5); 

•  Hardness  values  for  both  abrasives  were  greater  than  6  mohs,  which  is  the  minimum 
requirement  under  AB  1 ; 

•  The  maximum  level  of  water  soluble  contaminants  (conductivity)  permitted  by  AB  1 
is  1000  microsiemens.  The  test  result  for  coal  slag  was  235  microsiemens  and  for 
copper  slag  was  3500  microsiemens. 

•  For  oil  content  testing,  both  abrasives  revealed  the  presence  of  oil.  No  amount  of  oil 
is  permitted  under  SSPC-AB  1 ,  although  the  specification  does  not  require  that  the 
type,  quantity,  color,  or  physical  characteristics  of  the  oil  be  identified. 
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In  summary,  both  copper  and  coal  abrasives  passed  the  specific  gravity  and  hardness 
tests  and  both  failed  the  oil  content  test.  Coal  passed  the  conductivity  test,  but  copper 
failed  this  test.  Additional  oil  content  and  conductivity  testing  was  performed  on  washed 
samples  of  each  abrasive.  Both  abrasives  passed  this  testing.  The  washed-abrasive 
testing  is  discussed  in  detail  in  Appendix  C:  KTA-Tator  Report  on  Reuse  Testing. 

The  abrasive  breakdown  test  results  indicated  a  breakdown  rate  of  42.6%  for  copper 
slag  and  52.8%  for  coal  slag.  (See  Appendix  C  for  details.)  Both  abrasives  had  dust 
generation  rates  of  about  10%.  Also,  both  abrasives  produced  average  surface  profiles 
of  nearly  4.0  mils,  which  meets  the  requirements  of  AB  1 .  These  results  would  lead  to 
the  conclusion  that  no  more  than  one  reuse  would  be  practical  for  both  copper  and  coal 
slag  without  additional  processing  to  remove  fines.  However,  one  reuse  may  be 
economically  justified  as  a  cost  reduction  measure  in  shipyards.  Economics  are 
discussed  in  Section  4. 
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4.  COST  ANALYSIS 

This  section  provides  cost  information  for  the  commercially  viable  options  discussed  in 
the  previous  section.  By  comparing  this  information  with  current  practices,  shipyards 
have  a  tool  for  determining  the  most  cost-effective  options  for  managing  their  used 
abrasive. 

4.1  Results 

In  Tables  5  and  6,  sample  cost  comparisons  are  presented  for  both  of  the  primary 
abrasive  included  in  the  study,  copper  and  coal  slag.  The  three  management  options 
shown  for  each  abrasive  are  disposal,  recycling  and  reuse.  To  allow  direct  comparison 
of  options,  normalized  costs  are  shown  appropriate  for  each  method:  dollars  per  ton 
disposed  for  the  disposal  option;  dollars  per  ton  blasted  for  the  recycling  method;  and 
dollars  per  new  ton  blasted  for  the  reuse  option. 

For  the  disposal  option  (Option  A),  two  disposal  methods  are  listed,  along  with  a  cost 
range  and  average  costs  as  derived  from  project  surveys. 

For  the  recycling  option  (Option  B),  the  methods  shown  represent  current  practices 
indicated  by  survey  responses.  Cost  data  were  derived  from  project  surveys.  (Note 
that  only  one  recycling  method  was  identified  in  surveys  for  each  abrasive.) 

For  the  reuse  option  (Option  C),  two  methods  or  processes  for  reclaiming  abrasive  are 
shown.  On-site  thermal  processing  (Cl)  includes  both  the  rotary  calciner  (Coreco 
system  discussed  in  Section  3.3.2)  and  the  sloping  grid  fluidized  bed  incinerator.  These 
are  commercially  available  systems  that  can  be  purchased  and  set  up  at  a  shipyard  or 
other  industrial  site.  Since  their  costs  and  associated  material  savings  are  similar,  the 
thermal  systems  are  grouped  together  in  this  analysis.  Two  types  of  commercially 
available  separation  systems  (C2a  &  b)  are  also  shown  for  the  reuse  option. 

One  other  reuse  method  was  identified,  but  not  included  in  the  cost  comparison  since, 
at  the  time  of  the  study,  was  unique  to  one  area  of  the  Pacific  Northwest.  This  system 
involves  off-site  reclamation  of  used  copper  slag  abrasive.  A  vendor  picks  up  once- 
used  abrasive  from  the  shipyard  for  a  fee  of  $26  per  ton.  The  abrasive  is  processed  at 
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the  vendor's  nearby  facility  using  a  modified  thermal  and  separation  process.  Clean 
abrasive  is  then  resold  to  the  shipyard  for  about  $16  per  ton  less  than  the  local  cost  for 
new  abrasive.  The  net  savings  to  the  shipyard  is  about  $22  per  new  ton  blasted, 
assuming  that  the  used  abrasive  would  have  been  sent  to  a  local  cement  kiln.  This 
option  compares  favorably  with  the  other  reuse  options  shown  in  the  sample  cost 
comparison. 

Cost  analyses  for  the  reuse  option  are  more  involved  than  the  other  two  options,  since 
there  are  more  cost  elements  and  material  savings  must  also  be  considered.  Cost 
elements  used  in  Tables  5  and  6  are  explained  below: 

•  Processing  costs  for  on-site  reuse  methods  were  derived  from  vendor  furnished 
information,  including  capital  and  operating  costs,  and  assume  a  process  rate  of  two 
tons  per  hour  (4000  tons  per  year)  and  two  reuses  of  the  abrasive.  (Project  testing 
has  established  a  practical  limit  of  two  reuses  for  copper  and  coal  slag  based  on 
particle  size  analysis.) 

•  Waste  disposal  costs  for  the  reuse  option  are  derived  by  dividing  average  non- 
hazardous  landfill  costs  (Method  A2)  by  the  number  of  effective  uses  for  each 
abrasive  (See  note  (g)  in  Figure  4).  Disposal  costs  are  assumed  to  be  equal  for 
each  reuse  method,  since  each  method  produces  an  equal  volume  of  waste  in  the 
form  of  fines  and  bag  house  dust. 

•  Additional  on-site  costs  include  environmental  permits  to  operate  equipment, 
amortized  over  one  year. 

•  Total  costs  are  the  addition  of  process,  disposal,  and  environmental  costs. 

•  Material  savings  are  determined  by  subtracting  the  reused  abrasive  cost  per  ton 
from  the  new  abrasive  cost.  (Average  new  abrasive  costs  of  $50  per  ton  for  both 
copper  and  coal  slag  were  based  on  survey  results.)  Material  savings,  like  disposal 
costs,  are  the  same  for  each  reuse  method,  since  the  reuse  cost,  which  is  a  function 
of  the  number  of  effective  uses,  is  the  same  for  each  method. 

•  Net  costs  for  reuse  methods  is  calculated  by  subtracting  material  savings  from  total 
costs. 
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Tables  7  and  8  present  detailed  economic  analyses  for  the  reuse  option,  utilizing  the 
thermal  process  for  copper  and  coal  slag.  These  analyses  assume  that  the  used 
abrasive  entering  the  thermal  process  is  non-hazardous  and  the  abrasive  waste 
resulting  from  thermal  processing,  in  the  form  of  bag  house  fines,  is  also  non- 
hazardous.  Three  process  capacities  are  shown,  ranging  from  2000  to  20,000  tons  per 
year,  which  represents  the  range  of  used  abrasive  generated  by  shipyards  as  reported 
in  the  project  survey. 

Two  reuse  cases  are  presented  for  each  abrasive,  which  are  intended  to  show  the 
economic  impact  of  multiple  reuses.  Due  to  relatively  high  breakdown  rates,  two  reuses 
are  considered  the  practical  limit  for  slag  abrasive.  The  notes  and  calculations  page 
that  accompanies  the  tables  (Figure  4)  explains  the  derivation  of  the  numbers  in  each 
column. 

Table  9  again  analyzes  the  thermal  process,  but  assumes  the  resulting  bag  house  fines 
have  tested  hazardous  and  are  subject  to  significant  hazardous  waste  disposal  fees. 

For  this  example,  only  coal  slag  was  used  and  the  bag  house  fines  were  assumed  to 
comprise  about  5%  of  the  total  waste  stream,  which  reflects  the  actual  result  during 
project  testing. 

Tables  10  and  1 1  provide  sample  savings  and  payback  analyses  that  are  intended  to 
justify  the  capital  expenditures  associated  with  the  thermal  process  for  the  various 
process  capacities.  Columns  show  savings  per  ton  processed,  savings  per  year,  and 
payback  period  in  years,  including  capital  and  operation  costs.  The  notes  and 
calculations  page  that  accompanies  the  tables  (Figure  5)  explains  the  derivation  of  the 
numbers  in  each  column. 


27 


Feasibility  and  Economics  Study  of  Spent  Abrasives 

Sample  Cost  Comparison  for  Copper  Slag 


OPTION  A:  DISPOSAL 


DISPOSAL  METHOD 

COSTS  ($/ton  disposed)*1* 

Range 

Avg. 

A1 .  Hazardous  Waste  Landfill  (w/o  treatment) 

440  -  600 

520 

A2.  Non-hazardous  Landfill 

20-100 

55 

OPTION  B:  RECYCLING 


RECYCLING  METHOD 

COSTS  ($/ton  blasted)*1* 

Range 

Avg. 

B1.  Cement  Kiln  Feedstock 

15-59 

28 

B2.  Asphalt  Additive  *2) 

N/A 

N/A 

OPTION  C:  REUSE 


REUSE  METHOD 

COSTS  ($/new  ton  blasted) 

MAT'L 

SAVINGS*6* 

NET 

COST*7* 

Proces¬ 

sing*3* 

Waste 

Disposal*4* 

Other*5* 

TOTAL 

($/new  ton  blasted) 

Cl.  Thermal  Processing, 
On-site 

22 

25 

2 

49 

27 

22 

C2.a  Separation  System  1 

10 

25 

1 

36 

27 

9 

C2.b  Separation  System  2 

13 

25 

1 

39 

27 

12 

Notes:  (1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 


Costs  are  derived  from  shipyard  surveys  and  may  include  sub-costs  such  as  processing, 
handling,  and  transportation 

Not  identified  in  surveys  as  option  for  this  abrasive  type 

Includes  depreciated  (10  year)  capital  and  operating  costs  (provided  by  manufacturers); 
assumes  2  reuses  and  a  process  rate  of  2  tons/hr  (4000  tons/yr) 

Assumes  fines  are  non-hazardous  and  waste  volume  is  equal  for  each  process  [See  note 
(g)  of  Figure  4] 

Environmental  permits,  amortized  over  one  year 

Material  savings  =  New  abrasive  cost  -  Reuse  cost  [See  note  (f)  of  Figure  4] 

Net  cost  =  Total  cost  -  Material  savings 


Table  5.  Cost  Comparison  for  Copper  Slag 
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Sample  Cost  Comparison  for  Coal  Slag 


OPTION  A:  DISPOSAL 


DISPOSAL  METHOD 

COSTS  ($/ton  disposed)*1* 

Range 

Avg. 

A1 .  Hazardous  Waste  Landfill  (w/o  treatment) 

350  -  490 

445 

A2.  Non-hazardous  Landfill 

10-60 

42 

OPTION  B:  RECYCLING 


RECYCLING  METHOD 

COSTS  ($/ton  blasted)*1* 

Range 

Avg. 

B1 .  Cement  Kiln  Feedstock  *2* 

N/A 

N/A 

B2.  Asphalt  Additive 

3  -  12 

8 

OPTION  C:  REUSE 


REUSE  METHOD 

COSTS  ($/new  ton  blasted) 

Material 

Savings*6* 

Net 

Cost*7* 

Proces¬ 

sing*3* 

Waste 

Disposal*4* 

Other*5* 

TOTAL 

($/new  ton  blasted) 

Cl.  Thermal  Processing, 
On-site 

22 

21 

2 

45 

25 

20 

C2.a  Separation  System  1 

10 

21 

1 

32 

25 

8 

C2.b  Separation  System  2 

13 

21 

1 

35 

25 

10 

Notes:  (1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 


Costs  are  derived  from  shipyard  surveys  and  may  include  sub-costs  such  as  processing, 
handling,  and  transportation 

Not  identified  in  surveys  as  option  for  this  abrasive  type 

Includes  depreciated  (10  year)  capital  and  operating  costs  (provided  by  manufacturers); 
assumes  2  reuses  and  a  process  rate  of  2  tons/hr  (4000  tons/yr) 

Assumes  fines  are  non-hazardous  and  waste  volume  is  equal  for  each  process  [See  note 
(g)  of  Figure  4] 

Environmental  permits,  amortized  over  one  year 

Material  savings  =  New  abrasive  cost  -  Reuse  cost  [See  note  (f)  of  Figure  4] 

Net  cost  =  Total  cost  -  Material  savings 


Table  6.  Cost  Comparison  for  Coal  Slag 
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4.2  Discussion 

The  sample  cost  comparisons  in  Tables  5  and  6  can  be  used  to  help  shipyards 
determine  the  most  cost-effective  option  for  managing  abrasive  waste.  Since  the  tables 
show  cost  ranges  and  averages,  each  shipyard  should  insert  their  actual  costs  as 
appropriate  to  customize  the  comparison  for  their  specific  situation.  For  example,  to 
perform  the  cost  comparison  for  coal  slag  (Table  6),  a  shipyard  would  insert  their  actual 
disposal  costs  in  rows  Al  and  A2,  and  their  actual  cost  to  recycle  slag  into  asphalt  in  row 
B2. 

For  reuse,  their  actual  disposal  cost  would  be  determined  and  actual  material  savings 
could  be  calculated  (see  note  for  column  f  in  Figure  4).  Using  the  actual  data,  the  net 
costs  for  the  various  reuse  methods  can  be  determined.  Then,  by  comparing  costs  for 
the  various  options,  a  shipyard  can  see  which  option  or  options  have  the  lowest  costs 
compared  to  their  current  practice  and  therefore  merit  further  investigation. 

For  the  example  comparison  in  Table  6  for  coal  siag,  the  lowest  costs  shown  are  $8  per 
ton  for  both  recycling  into  asphalt  and  reuse  with  separation  system  #1 .  Separation 
system  #2  is  a  close  second  at  $1 0  per  ton.  Based  on  this  information,  if  a  shipyard  is 
not  currently  practicing  one  of  these  methods,  cost  savings  could  potentially  be 
achieved  by  switching  to  one  of  these  lower-cost  methods  for  abrasive  management. 

The  economic  analysis  for  reuse  of  copper  slag  with  non-hazardous  waste  disposal 
(Table  7)  indicates  that  the  total  costs  per  new  ton  blasted  for  one  reuse,  including 
equipment  depreciation  and  operation  cost,  range  from  about  $98  for  2000  tons 
processed  per  year  to  $69  for  20,000  tons  processed.  For  two  reuses,  the  costs  drop  to 
$84  and  $59,  respectively.  These  costs  compare  favorably  with  a  nominal  total  cost 
without  reuse  of  $1 05  per  ton  blasted,  including  only  virgin  material  ($50  per  ton)  and 
disposal  ($55  per  ton,  from  survey). 

The  costs  for  coal  slag  with  non-hazardous  disposal  (Table  8)  are  similar  to  the  copper 
slag  costs,  ranging  from  $92  to  $57  per  new  ton  blasted.  These  reuse  costs  can  be 
compared  to  a  nominal  total  cost  without  reuse  of  $92  per  ton  blasted,  including  material 
($50  per  ton)  and  disposal  ($42  per  ton,  from  survey).  Therefore,  when  compared  to 
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costs  without  reuse,  copper  slag  shows  potentially  higher  savings.  Savings  and 
payback  analyses  are  discussed  below. 

Since  the  on-site  thermal  process  for  reuse  has  the  highest  potential  capital  and 
operating  outlay,  savings  and  payback  analyses  were  done  for  the  copper  slag  thermal 
reuse  option  assuming  non-hazardous  waste  disposal  (Table  10)  and  for  coal  slag 
assuming  both  hazardous  and  non-hazardous  disposal  of  fines  (Table  11).  Results  of 
the  analysis  indicates  that,  for  non-hazardous  disposal,  the  best  payback  (about  seven 
months)  results  from  reusing  copper  slag  twice  at  a  processing  rate  of  20,000  tons  per 
year.  The  results  for  two  reuses  of  coal  slag  are  similar.  These  results  point  out  the 
economy  of  scale  for  thermal  processing  of  slag  abrasive.  However,  most  shipyards 
would  generate  less  than  20,000  tons  of  used  abrasive  in  a  typical  year. 

Even  when  considering  the  smaller  processing  rate  of  4,000  tons  per  year,  which  is  a 
quantity  generated  by  many  large  and  medium  sized  yards,  payback  periods  are 
reasonable  for  both  cases  and  both  abrasive,  ranging  from  2.2  to  3.9  years.  For  the 
smallest  processing  capacity  of  2,000  tons  per  year,  payback  periods  are  higher, 
especially  for  coal  slag.  The  payback  period  of  3.8  years  for  two  reuses  of  copper  and 
5.9  years  for  two  reuses  of  coal  may  be  considered  acceptable  for  capital  investment  by 
some  yards. 

When  waste  from  the  reuse  process  is  considered  hazardous,  the  payback  economics 
change  considerably  due  to  the  high  cost  of  waste  disposal.  However,  since  usually 
only  a  small  portion  of  the  waste,  in  the  form  of  bag  house  fines,  requires  hazardous 
disposal,  payback  may  still  be  feasible.  For  two  reuses  of  coal  slag  at  a  rate  of  20,000 
tons  per  year,  the  payback  period  is  a  very  reasonable  1 4  months  (See  Table  1 1 ). 

Even  at  4,000  tons  per  year,  payback  is  five  and  a  half  years.  It  should  be  noted  that  if 
the  volume  of  waste  requiring  hazardous  disposal  is  higher  than  five  or  ten  percent  of 
the  total  waste  stream,  reuse  equipment  payback  would  probably  not  be  feasible. 
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Economic  Analysis  for  Reuse  of  Copper  Slag  using  Thermal  Processing 

Non-Hazardous  Waste  Disposal 


CaseJ_:  One  reuse;  80%  reclaimed* 


PROCESS 

CAPACITY 

[a] 

CAPITAL 

COST 

[b] 

CAPITAL 
COST / YR 
[c] 

CAPITAL 
COST / TON 
[d] 

OPERATION 
COST / TON 
[e] 

ABRASIVE 
COST / TON 

[f] 

DISPOSAL 
COST / TON 

[g] 

TOTAL 
COST / TON 
[h] 

1  ton/hr 

2000  t/yr 

$260,000 

$26,000 

$13.00 

$9.00  (utilities) 
$14.40  (labor) 

$27.78 

$30.56 

$97.74 

2  tons/hr 

4000  t/yr 

$380,000 

$38,000 

$9.50 

$7.00  (utilities) 
$7.20  (labor) 

$27.78 

$30.56 

$83.54 

5  tons/hr 
20,000  t/yr 

$570,000 

$57,000 

$2.85 

$5.00  (utilities) 
$3.00  (labor) 

$27.78 

$30.56 

$69.19 

*Based  on  particle  size  analysis  of  once-used  abrasive  sample 


Case  2:  Two  reuses;  80%  reclaimed  first  pass,  50%o  second  pass** 


PROCESS 

CAPACITY 

[a] 

CAPITAL 
COST  ($) 

[b] 

CAPITAL 
COST / YR 
[c] 

CAPITAL 
COST / TON 
[d] 

OPERATION 
COST / TON 
[e] 

ABRASIVE 
COST / TON 

[f] 

DISPOSAL 
COST / TON 

[g] 

TOTAL 
COST / TON 
[h] 

1  ton/hr 

2000  t/yr 

$260,000 

$26,000 

$13.00 

$9.00  (utilities) 
$14.40  (labor) 

$22.73 

$25.00 

$84.13 

2  tons/hr 

4000  t/yr 

$380,000 

$38,000 

$9.50 

$7.00  (utilities) 
$7.20  (labor) 

$22.73 

$25.00 

$71 .43 

5  tons/hr 
20,000  t/yr 

$570,000 

$57,000 

$2.85 

$5.00  (utilities) 
$3.00  (labor) 

$22.73 

$25.00 

$58.58 

**Based  on  particle  size  analysis  of  used  abrasive  test  See  Figure  4  for  notes  and  calculations  for  each  column 


Table  7.  Economic  Analysis  for  Reuse  of  Copper  Slag 
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Economic  Analysis  for  Reuse  of  Coal  Slag  using  Thermal  Processing 

Non-Hazardous  Waste  Disposal 


CaseJ_:  One  reuse;  65%  reclaimed* 


PROCESS 

CAPACITY 

[a] 

CAPITAL 
COST  ($) 

[b] 

CAPITAL 
COST / YR 
[c] 

CAPITAL 
COST / TON 
[d] 

OPERATION 
COST / TON 
[e] 

ABRASIVE 
COST / TON 

[f] 

DISPOSAL 
COST / TON 

[g] 

TOTAL 
COST / TON 
[h] 

1  ton/hr 

2000  t/yr 

$260,000 

$26,000 

$13.00 

$9.00  (utilities) 
$14.40  (labor) 

$30.30 

$25.45 

$92.15 

2  tons/hr 

4000  t/yr 

$380,000 

$38,000 

$9.50 

$7.00  (utilities) 
$7.20  (labor) 

$30.30 

$25.45 

$79.45 

5  tons/hr 
20,000  t/yr 

$570,000 

$57,000 

$2.85 

$5.00  (utilities) 
$3.00  (labor) 

$30.30 

$25.45 

$66.60 

*  Based  on  particle  size  analysis  of  once-used  abrasive  sample 


Case  2:  Two  reuses;  65%  reclaimed  first  pass,  50%>  second  pass** 


PROCESS 

CAPACITY 

[a] 

CAPITAL 
COST  ($) 

[b] 

CAPITAL 
COST / YR 
[c] 

CAPITAL 
COST / TON 
[d] 

OPERATION 
COST / TON 
[e] 

ABRASIVE 
COST / TON 

[f] 

DISPOSAL 
COST / TON 

[g] 

TOTAL 
COST / TON 
[h] 

1  ton/hr 

2000  t/yr 

$260,000 

$26,000 

$13.00 

$9.00  (utilities) 
$14.40  (labor) 

$25.25 

$21.21 

$82.86 

2  tons/hr 

4000  t/yr 

$380,000 

$38,000 

$9.50 

$7.00  (utilities) 
$7.20  (labor) 

$25.25 

$21.21 

$70.16 

5  tons/hr 
20,000  t/yr 

$570,000 

$57,000 

$2.85 

$5.00  (utilities) 
$3.00  (labor) 

$25.25 

$21.21 

$57.31 

**  Based  on  particl 

le  size  analysis  of  used  abrasive  tesl 

t  See  Figure  4  for  notes  and 

calculations  for  each  column 

Table  8.  Economic  Analysis  for  Reuse  of  Coal  Slag  -  Non-Hazardous  Waste  Disposal 
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Hazardous  Waste  Disposal  (Fines) 

NOTE:  This  analysis  is  based  on  the  assumption  that  prior  to  processing  for  reuse,  abrasive  waste  was  non-hazardous  and  after 

processing,  only  baghouse  wastes,  which  make  up  about  5%  by  weight  of  the  total  waste  stream,  are  hazardous. 

[Initial  disposal  cost/ton  =  0.95  x  $42  +  0.05  x  $600  =  $70] 


CaseJ_:  One  reuse;  65%  reclaimed* 


PROCESS 

CAPACITY 

[a] 

CAPITAL 
COST  ($) 

[b] 

CAPITAL 
COST / YR 
[c] 

CAPITAL 
COST / TON 
[d] 

OPERATION 
COST / TON 
[e] 

ABRASIVE 
COST / TON 

in 

DISPOSAL 
COST / TON 

[g] 

TOTAL 
COST / TON 
[h] 

1  ton/hr 

2000  t/yr 

$260,000 

$26,000 

$13.00 

$9.00  (utilities) 
$14.40  (labor) 

$30.30 

$42.42 

$109.12 

2  tons/hr 

4000  t/yr 

$380,000 

$38,000 

$9.50 

$7.00  (utilities) 
$7.20  (labor) 

$30.30 

$42.42 

$96.42 

5  tons/hr 
20,000  t/yr 

$570,000 

$57,000 

$2.85 

$5.00  (utilities) 
$3.00  (labor) 

$30.30 

$42.42 

$83.57 

*  Based  on  particle  size  analysis  of  once-used  abrasive  sample 


Case  2:  Two  reuses;  65%  reclaimed  first  pass,  50%o  second  pass** 


PROCESS 

CAPACITY 

[a] 

CAPITAL 
COST  ($) 

[b] 

CAPITAL 
COST / YR 
[c] 

CAPITAL 
COST / TON 
[d] 

OPERATION 
COST / TON 
[e] 

ABRASIVE 
COST / TON 

[f] 

DISPOSAL 
COST / TON 

[g] 

TOTAL 
COST / TON 
[h] 

1  ton/hr 

2000  t/yr 

$260,000 

$26,000 

$13.00 

$9.00  (utilities) 
$14.40  (labor) 

$25.25 

$35.35 

$97.00 

2  tons/hr 

4000  t/yr 

$380,000 

$38,000 

$9.50 

$7.00  (utilities) 
$7.20  (labor) 

$25.25 

$35.35 

$84.30 

5  tons/hr 
20,000  t/yr 

$570,000 

$57,000 

$2.85 

$5.00  (utilities) 
$3.00  (labor) 

$25.25 

$35.35 

$71 .45 

Based  on  particle  size  analysis  of  used  abrasive 


:est 


See  Figure  4  for  notes  and  calculations  for  columns 


Table  9.  Economic  Analysis  for  Reuse  of  Coal  Slag  -  Hazardous  Waste  Disposal 
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Notes  and  Calculations  for  Economic  Analysis 
of  Thermal  Reuse  Process 


a.  Process  capacities  represent  a  sample  of  several  system  sizes  available  from  the 
manufacturer.  (Other  capacities  are  available.)  Corresponding  annual  production 
outputs  are  calculated  as  follows: 

1  ton/hr  x  8  hr/day  X  250  days/yr  =  2000  tons/yr  (one  shift) 

2  tons/hr  X  "  "  =  4000  tons/yr  (one  shift) 

5  tons/hr  X  16  hr/day  "  =  20,000  tons/yr  (two  shifts) 

b.  Capital  costs  are  supplied  by  manufacturers  and  include  thermal  processing  unit  and 
installation.  Costs  do  not  include  supplemental  storage  or  material  handling 
equipment. 


c.  Cap  cost/yr  =  Cap  costs  +  1 0  yrs  (Assumed  amortization  period) 


d.  Cap  cost/ton  =  Cap  costs/yr  +  Process  capacity  (tons/yr) 

e.  Utility  costs  from  manufacturer  (projected). 

Labor:  1  man  @  4  hr/shift  X  $30/hr  +  process  rate  (Assumes  that  equipment  needs 
to  be  attended  for  one  half  of  each  operational  shift.) 

Example,  for  5  tons/hr:  (4  hr/shift  X  2  shifts  X  $30/hr)  + 

(5  tons/hr  X  16  hrs)  =  $3. 00/ton 


f.  Abrasive  cost/ton  =  New  abrasive  cost*  +  n  (#  of  effective  uses),  where 
n  =  1  +(1  X0.8)  =  1 .8  for  one  reuse  of  copper  slag 
n  =  1  +(1X0.65)  =  1 .65  for  one  reuse  of  coal  slag 
n  =  1  +(1  X0.8)+(0.8X0.5)  =  2.20  for  two  reuses  of  copper  slag 
n  =  1  +(1  X0.65)+(0.65X0.5)  =  1 .98  for  two  reuses  of  coal  slag 
*  Assumed  new  abrasive  cost  =  $50./ton  for  both  slags 


g.  Disposal  cost/ton  =  Initial  disposal  cost**  +  n 

**  Initial  disposal  costs  (from  project  surveys) 

=  $55./ton  for  copper  slag,  non-hazardous 
=  $42./ton  for  coal  slag,  non-hazardous 
=  $600/ton  (nominal)  for  both  slags,  hazardous 


h.  Total  cost/ton  (including  depreciation)  =  Capital  cost/ton  (d)  +  Operation  cost/ton 
(e)  +  Abrasive  cost/ton  (f)  +  Disposal  cost/ton  (g) 


Figure  4.  Notes  and  Calculations  for  Economic  Analysis 
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Payback  Analysis  for  Reuse  of  Copper  Slag  using  Thermal  Processing 


Non-Hazardous  Waste  Disposal 


Case  1:  One  reuse;  80%  reclaimed* 


PROCESS 

SAVINGS/ 

SAVINGS/ 

PAYBACK 

CAPACITY 

TON 

YEAR 

PERIOD  (yrs) 

[A] 

[B] 

[C] 

[D] 

2000  t/yr 

$44.44 

$88. 9k 

5.4 

4000  t/yr 

$44.44 

$1 77.8k 

3.0 

20,000  t/yr 

$44.44 

$888. 8k 

0.8 

*  Based  on  particle  size  analysis  for  project  abrasive  sample 


Case  2:  Two  reuses;  80%  reclaimed  first  pass,  50%o  second  pass** 


PROCESS 

SAVINGS/ 

SAVINGS/ 

PAYBACK 

CAPACITY 

TON 

YEAR 

PERIOD  (yrs) 

[A] 

[B] 

[C] 

[D] 

2000  t/yr 

$54.54 

$109. Ik 

3.8 

4000  t/yr 

$54.54 

$218. 2k 

2.3 

20,000  t/yr 

$54.54 

$1 ,090.8k 

0.6 

**  Based  on  particle  size  analysis  of  used  abrasive  test 

See  Figure  5  for  notes  and  calculations  for  each  column 


Table  10.  Payback  Analysis  for  Reuse  of  Copper  Slag 


36 


Payback  Analysis  for  Reuse  of  Coal  Slag  using  Thermal  Processing 


Non-Hazardous  Waste  Disposal 

Case  1:  One  reuse;  65%  reclaimed*  Case  2:  Two  reuses;  80%  reclaimed  first  pass,  50%> 

_  _ second  pass** _ 


PROCESS 

SAVINGS/ 

SAVINGS/ 

PAYBACK 

CAPACITY 

TON 

YEAR 

PERIOD  (yrs) 

[A] 

[B] 

[C] 

[D] 

2000  t/yr 

$39.40 

$78. 8K 

6.8 

4000  t/yr 

$39.40 

$1 57. 6K 

3.6 

20,000  t/yr 

$39.40 

$788. OK 

0.9 

PROCESS 

SAVINGS/ 

SAVINGS/ 

PAYBACK 

CAPACITY 

TON 

YEAR 

PERIOD  (yrs) 

[A] 

[B] 

[C] 

[D] 

2000  t/yr 

$49.50 

$99. OK 

4.4 

4000  t/yr 

$49.50 

$1 98. OK 

2.6 

20,000  t/yr 

$49.50 

$990. OK 

0.7 

Hazardous  Waste  Disposal  (Fines) 


PROCESS 

SAVINGS/ 

SAVINGS/ 

PAYBACK 

CAPACITY 

TON 

YEAR 

PERIOD  (yrs) 

[A] 

[B] 

[C] 

[D] 

2000  t/yr 

$31 .40 

$62,800 

16.2 

4000  t/yr 

$31 .40 

$125,600 

5.5 

20,000  t/yr 

$31 .40 

$628,000 

1.2 

PROCESS 

SAVINGS/ 

SAVINGS/ 

PAYBACK 

CAPACITY 

TON 

YEAR 

PERIOD  (yrs) 

[A] 

[B] 

[C] 

[D] 

2000  t/yr 

$19.28 

$38,560 

n/a 

4000  t/yr 

$19.28 

$77,120 

18.7 

20,000  t/yr 

$19.28 

$385,600 

2.5 

*  Based  on  particle  size  analysis  of  abrasive  sample  **  Based  on  particle  size  analysis  of  project  abrasive  test 


See  Figure  5  for  notes  and  calculations  for  each  column 


Table  1 1 .  Payback  Analysis  for  Reuse  of  Coal  Slag 


37 


Notes  and  Calculations  for  Payback  Analysis 
for  Thermal  Reuse  Process 


A.  Process  capacities  represent  a  sample  of  several  system  sizes  available  from  the 
manufacturer.  (Other  capacities  are  available.)  Corresponding  annual  production 
outputs  are  calculated  as  follows: 

1  ton/hr  X  8  hr/day  X  250  days/yr  =  2000  tons/yr  (one  shift) 

2  tons/hr  X  "  "  =  4000  tons/yr  (one  shift) 

5  tons/hr  X  16  hr/day  "  =  20,000  tons/yr  (two  shifts) 

B.  Savings/ton  =  [Abrasive  +  Disposal  cost  without  reuse] 

-  [Abrasive  +  Disposal  cost  with  reuse]* 

Example  for  copper  slag  @  2000  tons/yr  with  non-hazardous  disposal  for 
one  reuse: 

[$50/ton  +  $55/ton]  -  [$27.78/ton  +  $30. 56/ton]  =  $46. 67/ton 

C.  Savings/year  =  Savings/ton  (B)  X  tons  processed/year  (A) 

D.  Payback  Period  (in  years)  =  Capital  cost  (b*)  -f  [Savings/yr  (C)  -  Operation 

cost/yr  (e  X  a)*] 

Example  for  copper  slag  @  2000  tons/yr  with  non-hazardous  disposal  for  one 
reuse: 

$260,000  -r  [$93,340  -  ($23.40/ton  X  2000  tons/yr)]  =  5.6  years 


*from  Economic  Analysis,  Tables  7  and  8 


Figure  5.  Notes  and  Calculations  for  Payback  Analysis 
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5.  CONCLUSIONS 


Significant  findings  from  the  research  conducted  in  this  project  can  be  summarized  as 
follows: 

A  survey  of  current  practices  related  to  used  abrasive  management  methods  at  large 
and  small  shipyards  revealed  that,  due  to  availability,  copper  slag  is  the  abrasive  of 
choice  in  the  West,  while  coal  slag  is  used  almost  exclusively  in  the  East.  Most  large 
yards  use  a  variety  of  abrasives,  depending  on  the  application.  Large  yards  generate 
from  9,000  to  20,000  tons  of  abrasive  waste  a  year  and  spend  an  average  of  $30  to  $40 
a  ton  to  dispose  or  recycle  the  used  abrasive.  Recycling  is  the  most  common  route  for 
used  copper  slag,  while  landfill  disposal  was  common  for  coal  and  sand. 

Based  on  survey  results,  several  options  were  identified  for  managing  abrasives  under 
the  categories  of  recycling,  reuse  and  disposal.  For  recycling,  the  primary  options  are 
using  ground-spent  slag  as  an  additive  in  cement  production  and  incorporating  into 
concrete  as  an  aggregate.  Reuse  options  include  thermal  processing  to  bring  reused 
abrasive  into  industry  specification  and  separation  processing,  which  prepares  the 
material  for  reuse  but  not  necessarily  to  specification  conformance.  Two  disposal 
options  were  identified:  sanitary  landfill  disposal  for  non-hazardous  materials  and 
hazardous  or  special  landfill  for  hazardous  materials. 

Several  potential  options  for  both  copper  and  coal  slag  were  chosen  for  additional 
feasibility  evaluation  and  performance  testing.  Based  on  the  test  results  for  the  sample 
selected  for  the  project,  coal  slag  appears  to  be  feasible  for  recycling  into  concrete  (both 
Portland  cement  and  asphalt)  and  also  appears  viable  for  reuse  (one  time  only).  The 
caveat  for  reuse  is  that  the  abrasive  to  be  reused  must  be  free  of  oil  contamination  to 
meet  the  specification  requirements  of  the  Steel  Structures  Paint  Council. 

The  copper  slag  sample  selected  for  testing  happened  to  contain  a  significant  amount  of 
organic  contamination  (probably  paint  residue),  which  prevented  the  Portland  cement 
concrete  (PCC)  strength  testing  from  being  performed.  However,  the  sample  did 
appear  viable  for  recycling  as  a  fine  aggregate  in  asphalt  concrete.  (The  testing 
laboratory  conjectured  that  a  cleaner  copper  slag  sample  would  have  been  suitable  for 
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PCC  recycling,  although  additional  testing  would  have  been  required  to  confirm  this 
opinion.)  Copper  slag,  like  coal,  appears  viable  for  one  reuse  in  blasting  operations, 
with  the  same  caveat  regarding  oil  contamination. 

From  an  economic  perspective,  cost  savings  are  achievable  for  copper  and  coal  slag 
abrasive  for  both  the  recycling  and  reuse  options,  when  compared  to  the  disposal 
option.  The  sample  analyses  performed  in  the  project  show  potential  savings  of  up  to 
$34  per  ton  blasted  for  recycling  and  $50  per  ton  blasted  for  reuse.  On-site  thermal 
processing  for  reuse  requires  capital  investment  and  operation  costs.  The  payback 
period  for  a  yard  generating  about  4,000  tons  of  coal  slag  waste  per  year  would  be 
about  two  and  a  half  years,  assuming  two  reuse  cycles.  (If  the  waste  generated  is 
considered  hazardous,  the  economics  change  considerably.) 

Although  abrasive  reuse  has  the  potential  for  greater  savings,  most  yards  could  benefit 
from  the  less  complex  option  of  recycling  non-hazardous  waste  abrasive  into  Portland 
cement  concrete  or  asphalt  concrete.  Recycling  slag  as  a  cement  kiln  additive  or  into 
asphalt  are  established  practices  in  some  areas  of  the  country.  Where  these  options 
are  not  available,  shipyards  may  wish  to  contact  local  concrete  manufacturers  or 
distributors  and  regulatory  agencies  to  investigate  the  feasibility  of  the  concrete 
recycling  method  in  their  area. 
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Shipyard  Survey 


Feasibility  and  Economics  Study  of  Spent  Abrasives 


APPENDIX  A-1 
SURVEY  FORM 


To:  SHIPYARD 

From:  National  Steel  &  Shipbuilding  Company,  Environmental  Engineering 

Subject:  Shipyard  Survey  for  National  Shipbuilding  Research  Program  (NSRP), 

Panel  SP-1,  Project  N1-93-1:  Feasibility  and  Economics  Study  of  the 
Treatment,  Recycling  and  Disposal  of  Spent  Abrasives. 


Enclosed  is  a  survey  form  developed  to  support  Phase  1  of  the  subject  project.  The 
project  goal  is  to  evaluate  options  for  managing  spent  abrasives  generated  by  the 
shipbuilding  and  ship  repair  industry.  The  project  is  being  performed  in  two  phases. 
Phase  1,  Preliminary  Research,  is  in  progress  and  is  focusing  on  identification  of  spent 
abrasive  management  practices  throughout  the  industry.  Phase  2,  Testing  and 
Recommendations,  will  involve  analysis  of  spent  abrasive  management  options  identified 
during  Phase  1.  The  project  will  conclude  with  a  written  report  and  a  presentation  of 
findings  at  the  NSRP  Panel  meeting. 

Your  participation  in  the  "Spent  Abrasives"  project  would  be  appreciated.  Please  assist 
us  by  filling  out  the  enclosed  survey  and  returning  the  forms  to  NASSCO  at  your  earliest 
convenience.  We  have  attempted  to  keep  the  survey  simple  so  that  it  can  be  completed 
quickly.  An  example  of  a  completed  survey  form  is  also  enclosed  to  help  guide  your 
efforts.  In  some  cases,  your  abrasive  blasting  operations  may  be  performed  offsite  or  by 
subcontractors.  Please  include  information  from  these  operations  in  your  survey  to  the 
extent  possible. 

We  are  confident  that,  with  your  help,  the  "Spent  Abrasives"  study  will  yield  beneficial 
results  for  the  shipbuilding  industry  and  its  supporting  industries.  Questions  about  the 
survey  or  the  project  can  be  directed  to  Barry  Graham  at  (619)  544-8882;  FAX  (619)  232- 
6411. 

Thanks  again  for  your  cooperation. 


Barry  Graham 
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NATIONAL  SHIPBUILDING  RESEARCH  PROGRAM 
SHIPYARD  SURVEY  FORM 

Project  N 1-93-1:  Feasibility  and  Economics  Study  of  the  Treatment,  Recycling  and  Disposal  of 

Spent  Abrasives  (Phase  1,  Preliminary  Research) 

INSTRUCTIONS:  Please  answer  all  survey  questions.  Fax  or  mail  the  completed  survey 

to:  NASSCO 

ATTN:  Barry  Graham 
Environmental  Engineering,  M/S  22-A 
P.O.  Box  85278 

San  Diego,  California  92186-5278 
FAX  619/232-6411 

1.  FACILITY  IDENTIFICATION 

Facility  Name 

Street  Address  _ 

City,  State  _ 

Zip  Code  _ 

Contact  Person 
Title 

Telephone  _ 

Fax  _ 

2.  ENVIRONMENTAL  REGULATION 

Indicate  the  Environmental  Regulation  classification(s)  assigned  to  your  spent  abrasive 
wastes  and  the  regulatory  agency(ies)  responsible  for  solid/hazardous  waste  enforcement. 


Classification 

Agency 

< 

RCRA  Hazardous  Waste 

(Federal)  EPA,  Region 

< 

State  Only  Hazardous  Waste 

(State,  Regional) 

< 

Non-Hazardous  Waste 

(Local,  Other) 

3.  SPENT  ABRASIVE  PROFILE 

a.  Indicate  which  coating  types  might  typically  be  found  in  any  spent  abrasives  generated 
by  your  operations.  (Check  applicable  boxes  and  provide  product  names.) 

<  Anti-Corrosive/ Anti-Fouling  Coatings  _ 

<  Epoxies  _ 

<  Enamels  _ 

<  Zinc-Rich  Coatings  _ 

<  Urethanes  _ 

<  Others  _ 

b.  Are  analytical  results  (chemical/physical  data)  available  for  spent  abrasives  generated 

by  your  operations?  <  YES  <  NO 

4.  ABRASIVE  BLASTING  MANAGEMENT  PRACTICES 

Complete  Table  1  -  Spent  Abrasive  Management  Practices,  for  all  operation(s)  that  generate 
spent  abrasive  blast  media.  Operations  may  be  performed  on-site  or  off-site  by  employees 
and/or  subcontractors.  (Make  additional  copies  of  Table  1  as  needed.) 
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Feasibility  and  Economics  Study  of  Spent  Abrasives 
(Make  additional  copies  of  this  page  as  needed.) 


TABLE  1  -  SPENT  ABRASIVE  MANAGEMENT  PRACTICES 


FACILITY  NAME  _ 

Blast  Media _  Product  Name 


RECYCLING 

DISPOSAL 

(YES)  (NO) 

On  Site - <  < 

Method 

(YES)  (NO) 

Hazardous  Waste - <  < 

Ouantitv  (Tons/Yr) 

Pre-Treatment  Process 

Pre-Treatment  Process 

Processing  Cost  ($/Ton) 

Disposal  Method 

(YES)  (NO) 

Off  Site - <  < 

Ouantitv  (Tons/Yr) 

Disposal  Cost  ($/Ton) 

(YES)  (NO) 

Non  Hazardous  Waste - <  < 

Ouantitv  (Tons/Yr) 

Method 

Pre-Treatment  Process 

Pre-Treatment  Process 

Disposal  Method 

Processing  Cost  ($/Ton) 

Disposal  Cost  ($/Ton) 

Other  Recycling  Method 

Ouantitv  (Tons/Yr) 

Other  Disposal  Method 

Ouantitv  (Tons/Yr) 

Pre-Treatment  Process 

Pre-Treatment  Process 

Processing  Cost  ($/Ton) 

Disposal  Cost  ($/Ton) 

Please  describe  your  spent  abrasive  management  practices  if  other  than  recycling  or  disposal. 


Blast  Media _  Product  Name 


RECYCLING 

DISPOSAL 

(YES)  (NO) 

On  Site - <  < 

Method 

(YES)  (NO) 

Hazardous  Waste - <  < 

Ouantitv  (Tons/Yr) 

Pre-Treatment  Process 

Pre-Treatment  Process 

Processing  Cost  ($/Ton) 

Disposal  Method 

(YES)  (NO) 

Off  Site - <  < 

Ouantitv  (Tons/Yr) 

Disposal  Cost  ($/Ton) 

(YES)  (NO) 

Non  Hazardous  Waste - <  < 

Ouantitv  (Tons/Yr) 

Method 

Pre-Treatment  Process 

Pre-Treatment  Process 

Disposal  Method 

Processing  Cost  ($/Ton) 

Disposal  Cost  ($/Ton) 

Other  Recycling  Method 

Ouantitv  (Tons/Yr) 

Other  Disposal  Method 

Ouantitv  (Tons/Yr) 

Pre-Treatment  Process 

Pre-Treatment  Process 

Processing  Cost  ($/Ton) 

Disposal  Cost  ($/Ton) 

Appendix  A 


A-3 


Feasibility  and  Economics  Study  of  Spent  Abrasives 

APPENDIX  A-2 
SURVEY  RESULTS 


Approximately  60  surveys  were  sent  to  new  construction  and  repair  shipyards  of  various 
sizes  across  the  country.  26  yards  responded  (about  50%)  -  six  large  yards  and  20  small 
and  medium  yards.  (See  List  of  Shipyards  Responding  to  Survey  at  the  end  of  this 
Appendix.  ) 

Responses  to  the  shipyard  survey  are  presented  in  table  format  on  the  following  pages. 
The  responses  are  grouped  by  abrasive  type  used  by  each  yard:  copper  slag,  coal  slag, 
and  other,  which  includes  sand,  aluminum  oxide,  steel  grit  or  shot,  garnet  and  nickel  slag. 
For  anonymity,  a  code  is  used  in  place  of  the  actual  shipyard  name.  The  code  indicates 
the  geographic  location  of  the  shipyard  as  follows: 

NE  Northeast  United  States 
SE  Southeast 
NW  Northwest 
SW  Southwest 
M  Midwest  (Great  Lakes) 

Significant  survey  results  can  be  summarized  as  follows: 

•  The  most  commonly  used  abrasives  are  coal  slag  and  copper  slag.  Coal  slag  is  used 
exclusively  in  the  East  by  eleven  yards;  Copper  slag  is  used  exclusively  in  the  West  by 
eleven  yards. 

•  Other  abrasives  such  as  sand,  aluminum  oxide  and  steel  grit  or  shot  are  used  in 
various  parts  of  the  country.  Most  large  yards  use  a  variety  of  abrasives,  depending 
on  the  application. 

•  The  quantity  of  abrasive  waste  generated  by  large  yards  ranged  from  9,000  to  20,000 
tons/year.  For  small  and  medium  yards  the  range  was  from  several  hundred  to  about 
4,000  tons/year. 

•  For  coal  slag,  about  2/3  of  the  yards  reported  that  a  majority  of  their  abrasive  waste 
was  disposed  into  non-hazardous  landfills  at  an  average  cost  of  about  $40  per  ton. 

The  other  yards  recycled  most  of  their  waste  into  asphalt  or  cement  at  an  average  cost 
of  under  $10  per  ton,  with  a  small  amount  going  to  landfill. 


Appendix  A 


A-4 


Feasibility  and  Economics  Study  of  Spent  Abrasives 


•  For  copper  slag,  almost  all  yards  reported  that  a  majority  of  their  abrasive  waste  was 
sent  to  a  cement  company  to  be  recycled  as  a  cement  kiln  additive  at  an  average  cost 
of  about  $30  per  ton.  One  yard  reported  recycling  their  abrasive  into  a  road  bed 
compound  at  no  cost  to  them. 

•  For  yards  using  sand  as  abrasive,  the  most  common  disposal  method  was  non- 
hazardous  landfill  at  an  average  cost  of  about  $30  per  ton.  One  yard  recycles  sand  as 
an  asphalt  additive  at  a  cost  of  $60  per  ton. 

•  Eleven  yards  reported  using  steel  grit  or  shot.  In  all  cases,  the  abrasive  was  reused 
several  times  and  the  resulting  waste  fines,  which  were  usually  considered  hazardous 
waste,  were  disposed  in  landfills  at  cost  of  from  $200  to  $500  per  ton. 

•  Aluminum  oxide  and  garnet  abrasives  were  used  by  six  yards.  About  half  reported 
reusing  the  abrasives  and  the  others  recycled  their  abrasive  waste  into  asphalt  or 
cement  at  an  average  cost  of  about  $1 5  per  ton. 
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SHIPYARD  SURVEY  RESPONSES 


Abrasive  Media  Type:  COAL  SLAG 


Ship¬ 

yard 

Code 

Waste 

Quantity 

(tons/yr) 

RECYCLING 

DISPOSAL 

Method 

Cost 

($/ton) 

Method 

Quantity 

(tons/yr) 

Cost 

($/ton) 

NE1 

20,000 

Asphalt  additive 

3 

Non-Haz  Landfill 

200 

40 

NE2 

1200 

Asphalt  additive 

not/ 

reported 

Haz  LF  (Paint  Dust) 
NHLF 

5 

50 

940 

n/r 

NE3 

348 

Asphalt  additive 

9.40 

'Special'  LF 

n/r 

56 

NE4 

n/r 

Not/Applicable 

N/A 

NHLF 

1547 

n/r 

SE1 

4500 

0  -  12 

0 

N/A 

N/A 

N/A 

SE2 

10,000 

N/A 

N/A 

NHLF 

10,000 

30 

SE3 

n/r 

N/A 

N/A 

HLF 

NHLF 

20 

40 

350 

75 

SE4 

n/r 

N/A 

N/A 

NHLF 

1800 

10  -12 

SE5 

n/r 

N/A 

N/A 

NHLF 

2800 

40 

SE6 

n/r 

N/A 

N/A 

NHLF 

5000 

50  -  60 

SE7 

n/r 

N/A 

N/A 

NHLF 

2579 

30 

Abrasive  Media  Type:  COPPER  SLAG 


NW1 

2500 

8  -  12 

HLF 

25 

600 

3320 

Cement  Kiln 
Additive  (CKA) 

26 

N/A 

N/A 

N/A 

NW2 

600 

CKA 

20 

N/A 

N/A 

N/A 

NW3 

960 

CKA 

16 

N/A 

N/A 

N/A 

NW4 

20,000 

Reuse 

30 

NHLF 

10,000 

20 

NW5 

n/r 

CKA 

20 

N/A 

N/A 

N/A 

NW6 

n/r 

CKA 

59 

N/A 

N/A 

N/A 

SW1 

2000 

CKA 

200* 

N/A 

N/A 

N/A 

SW2 

3000 

CKA 

19 

N/A 

N/A 

N/A 

SW3 

n/r 

CKA 

15 

HLF 

100 

440 

SW4 

188 

Road  Bed 

0 

N/A 

N/A 

N/A 

SW5 

9000 

CKA 

50 

N/A 

N/A 

N/A 

*  includes  environmental  testing  fees  n/r  =  not  reported  N/A  =  Not 

Applicable 

NHLF  =  Non-hazardous  Landfill  HLF  =  Flazardous  Landfill 
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Abrasive  Media  Type:  OTHER 


Media 

Waste 

Quantity 

(tons/yr) 

RECYCLING 

DISPOSAL 

Method 

Cost 

($/ton) 

Method 

Quantity 

(tons/yr) 

Cost 

($/ton) 

Ml 

n/r 

N/A 

N/A 

HLF 

0.2 

250 

NHLF 

50 

35 

SAND 

NE5 

64 

N/A 

N/A 

HLF 

5 

500 

NHLF 

59 

10 

SE3 

n/r 

N/A 

N/A 

HLF 

40 

300 

NHLF 

280 

70 

SE4 

n/r 

N/A 

N/A 

NHLF 

900 

10 

SE6 

n/r 

N/A 

N/A 

NHLF 

1000 

50  -  60 

SE8 

350 

Asphalt  additive 

60 

NHLF 

250 

10 

NE3 

133 

Reuse 

30 

Special  LF 

n/r 

56 

SW1 

25 

Reuse 

n/r 

HLF 

10 

400 

SW3 

13 

CKA 

15 

HLF 

3 

440 

SW5 

200 

Alum,  smelting 

0 

HLF 

100 

100 

SE6 

n/r 

Reuse 

n/r 

NHLF 

200 

50  -  60 

SE9 

25 

N/A 

N/A 

NHLF 

25 

600 

NE3 

234 

Reuse 

25 

Special  L/F 

113 

56 

NW1 

1310 

Reuse 

25 

NHLF 

1310 

450 

STEEL 

NW3 

n/r 

Reuse 

n/r 

N/A 

N/A 

N/A 

GRIT/ 

NW5 

25 

Reuse 

n/r 

HLF 

50 

200 

SHOT 

SW1 

50 

Reuse 

n/r 

HLF 

20 

400 

SW3 

n/r 

Reuse 

n/r 

HLF 

10 

500 

SW4 

n/r 

Reuse 

n/r 

HLF 

27 

1040 

NHLF 

200 

700 

SW5 

120 

Reuse 

n/r 

N/A 

N/A 

N/A 

CKA 

50 

SE2 

n/r 

Reuse 

n/r 

NHLF 

500 

15 

SE6 

n/r 

Reuse 

n/r 

NHLF 

600 

50-60 

SE7 

n/r 

Reuse 

n/r 

NHLF 

11 

80 

NE3 

n/r 

Asphalt  Additive 

9.40 

Special  LF 

n/r 

56 

NW1 

25 

Reuse 

5 

NHLF 

10 

50 

GARNET 

SW1 

10 

N/A 

N/A 

HLF 

10 

400 

SW2 

n/r 

Reuse 

n/r 

NHLF 

10-15 

100-150 

SW3 

7 

CKA 

20 

HLF 

2 

440 

SW4 

56 

Road  Bed 

n/r 

N/A 

N/A 

N/A 

NICKEL 

SW1 

400 

CKA 

200* 

N/A 

N/A 

N/A 
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List  of  Shipyards  Responding  to  Survey 


Northeast 

NORSHIPCO 

Norfolk,  VA  23501 

US  Coast  Guard  Yard,  Baltimore 

Curtis  Bay,  MD  21226 

Bath  Iron  Works 

Bath,  ME  04530 

Philadelphia  Naval  Shipyard 

Philadelphia,  PA  191 12 

General  Ship  Repair 

Baltimore,  MD  21230 

Southeast 

Atlantic  Dry  Dock,  Jacksonville 

Jacksonville,  FL  32228 

Atlantic  Marine,  Mobile 

Mobile,  AL  36601 

Southwest  Shipyard  (Southwestern  Barge) 

Channelview,  TX  77530 

Trinity  Marine 

Port  Allen,  LA  70767 

Bollinger  Quick  Repair 

Harvey,  LA  70059 

Ingalls  Shipyard 

Pascagoula,  MS  39567 

Avondale  Shipyard 

New  Orleans,  LA  70150 

Newpark  Shipbuilding 

Houston,  TX  77120 

Textron  Marine 

New  Orleans,  LA  70127 

Northwest 

Cascade  General 

Portland,  OR  97208 

Tacoma  Boat  Building  Co 

Tacoma,  WA  98442 

Marco  Shipyard 

Seattle,  WA  98199 

Sand  Products 

Portland,  OR 

Trident  Refit 

Bangor,  WA 

Puget  Sound  Naval  Shipyard 

Bremerton,  WA  98314 

Southwest 

Mare  Island  Naval  Shipyard 

Vallejo,  CA  94592 

Southwest  Marine 

San  Diego,  CA  92113 

Long  Beach  Naval  Shipyard 

Long  Beach,  CA  90822 

Pearl  Harbor  Naval  Shipyard 

Pearl  Harbor,  HI  96860 

NASSCO 

San  Diego,  CA  92113 

Midwest 

Bay  Shipbuilding  Corp. 

Sturgeon  Bay,  Wl  54235 
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Law  Crandall,  Inc. 
Report  on  Recycling  Testing 


JiVtIUUY  13  |  li'jJ 


A 


LAW/CRANDAU- 


t  =  R"'if  . . .  I  y  v i p o i « i  h  I  I, 


INC. 


Mr  Us  Hitmen 
MAJJSCO  Er:v]r-o'U]K:itL[ 

National  3teeJ  &  ali.phinl-'r  ("D 

Haft?trr  Drive  igth  StiL^r 
f*0  Boa.  U$27'J  vf5-21A 
San  D-isyu,  California  “=2  ZTS 

-Subject  Till  In/pfnkitiion 

(  tipper  nrtd  Cflul  Slag  Tcttmg 
J’liJiibiJitv  and  SenoBiakE  S  tudy  af  (U  Treatment 
RcCvtihj*  mid  Disposal  <>r  Spent  Afrruivei 
[  dW/Crandsll  Jab  Mg.  7G34i-£*0l  76 

Dear  Mr  Hansen 


In  accordflitpe  with  Ottr  proposal  dated  July  fl,  \9M  ^  have  JKtfWd  of  It,  nd 

w;7/fjhmire:a  cur  Oratory  The  copper  sbp\v*  ribmjmd  bv 
MAS5CO  m  San  CUifeiun  Gn  July  24,  1996  The  *HJ  slag  ^  Emitted  by  Marinette 

MjX1Cf  JSH?!  °f  Min:KnB-  WliatDm  «t  **#*«  18.  The  pur-WK  0f  duc  wrk  uH  [0 

L'  . .  t  resting  to  jud  NASS(  n*  iheir  feasibility  study  fora  me  for  the  ipenl  ahrai.^s 

'  )ur  work  mdudei  lwo  phtsset.  phase  I  nmteml  chanctorizoliofi,  anl  phase  2  perffrmttn.ee  tSKlpg 


^  fHniha  ■tpori  da  ttCE  constitute  or  tmplv  jpprp-ial  the  vnntennl  I'm  use  in 

Ou««nj*uig  mnwhali.  the  neauLU  are  present td  as  infumuiJCHS  liCuv  Out  profusion Jl  semew  have 
',CCn  E™™1  ®»  ■%“  Of  ««  ME*  stall  HfrWilj,  CMJtJsd.  under  similar  dreumnanani. 

■  IrPutili,le  ccnstnielrun  materials  coiui'jJnifit:.  praaiciftg  th«  or  dmilar  loo-litics  No  othsi 
wjJfnintY,  espitss  or  Hllplicd,  is  made  as  to  ihe  pmfraooittl  adri«  uu.-|pded  ia  du*  rrpvn 


vW  lie  not  know  the  »pra Sc  chemical  cnnsimfeentt  Cf  die  aiag  nutfenal  submitted.  tg  us  frvj  tc tthn  It 
11  ™*™«*  u*tt  the  Hmm  naffiml  u  used  for  abrasive  bland*  of  painted  surges  and  <1,, 

Speer  lie  Lhem.tal  fionflltUCflU  may  vary  depending  jn  the  pamt  hlajtLnv  'Kidue  Uu  fa  noL 

,,|0'v  the  tssi  .samples  wilt  be  at  ipait  ahnmve  imnoJi  from  future  ^  IH^tria 

openruon*.  * 


rurtherlHljim  will  be  requued  lO&bm.  ^  durab.tLty  ef  concrete  und  urphait  rtt^tures  made  wrtii 
liiete  mate  raJs 


Hi  5Kpt**C?  lunrcuin^ 
-.H!rStr:i  Ifiiis  I7M1I 


•V  l .\J i_  l'H  £nT77 Oft !Kd *|*jj 
' ut  "  i  r.’!,-..--  I  ipi'if  ;fh,J  i  ,  i.L'  T+n/ffy 


'ilr-JUi  jr-i  ;  I  i't  J  ' 

Ju-11  'Vaif.'  J.  ’'OJJ,  . 


T&LKeaufas 

I1 1] lie  [  -  Material  t 'Itarjuierir jtia.ii 

*'  SZiei  TCiU  were  porTf!fir«l  tp  u^ftlwaw.Wmc  gcrieiaJ  qharACteiiiiticf  <>f  ihf  binji  ttui ---  Thu 
JCtiulti  frwn  dtt  ants  performed  were  intended  te  help  prawte  nq  ,mHal  imitation  ue.  to  ^cthu  c* 

!Tr  '[  r "'  [eaiJb^  Li1  use  ffic  ilag  f^tenali  HI  porthuid  eauHii  sopcielc  or  qjpluit  .  ,ri«et- 

Tlm  following  i ,  i"  '.  were  performed  is  pun  at  the  pliq:c  |  \--hua- 

Otsjiue  Impurities  -  The  pvp&t  of  tins  s^i  a  to  evaluate  *e  potomd  or  a  fir-  i^rante  to 
toraavi  a^orue  Mrapcwtlda  that  could  be!  tttjtrooul  to  partlnnd  cement  isaptrne 

CrnidarjQR  -  The  purpose  of  ilm  tea  ts  to  *  indium  dm  jsutick  Dre»  dimributias  aftf* 
kimde  •!.-:  dissribuiinrl  n  li^ortanl  when  rlfftermiuj'^  mss  prolan l One  .uid  ctmj-JcEciri  slips  of  the 
"n:*!  jif -iduci  snd  r  on  [rm-i.u-.ec  »ilh  siiujJaiJ  ipcojliral n,'ri3 

S?dm,li  Suimdficss  -  This  Lest  methixl  Covers  the  resting  of  HgfcgjiEa  (Ci  essunale  ihe  r  4nind need 
when  subjected  :a  uD-ithrSfuiLj  aclipn  in  canciwc 

‘i^iiij.  Equivalent  -  Tbs  purpose  of  this  test  iq  w  provide  .1.  measure  01  (hu  relative  proportions  of 
DdfinMnlaJ  m**?  duvt  w  ciay-lilt4S  matenaj  in  clfre  ui^rci'ictr. 

Durabthti  Index  -  This  IASI  provides  i  measure  of  the  fine  ajjgreiafei’  nthm VE  resuran at  to 
producing  dav  sl/c  naes  w-hen  subjected  to  prescribed  meduds  of  intnpanicfe  iibradm  m  the 
presence  of  uaier 

if(T'ir  srrcnvih  r;Litiveto  Ott*w*  Mna-  THia  Sen  11  foi  the  purperes  nf  3etsnmrai:ii  [he  iinpicsEiie 
urczigth  rtendefKd  bj  mwar  in  mu  a  gii'O!  concrete  sand  in  rdq hm  tu  that  itvc^jml  bv  mortar 
it^ng  Ottawa  iimJ  and  Wdlr«tly  rMaiurpi  The  eoncrrtc-nWft  Liu^  prepenin  nf  the  ±and  furing  rtflial 


CoPfM!r  Sb5  Coal  Slat 

“Lighter  Than  tolar  Not  Tested 

suuniard 

"Ir  she  color  of  &e  supcnmLint  liquid  u  darker  [lutt  that  of  :hc  r^fL-renfit  L-tarnLu-d  #3,  the  fine 
segfSpte  ^  CQJtSJrtf  red  [Cl  pG*j=tih  crontltft  rnunou^  drgane  comptiujufe 

r-n  folk^nra,  table  present*  im  reaultaftcrcn  Use  rapper  «td  coal  lines  and  tnmparei  the  ten  rauhs 
*°  ft  urn  The  Amcncon  Stvairv'  for  Testing  and  Itonnls  (ASTM),  SL-unLard  Spccificstioni 

for  huhlie  Vlf'orkj  Con.TtnicliMi  (SSPWC),.  and  she  SLatc  of  Cafifariun.  Drpnnnmn  of  Transportation] 

(raltraru}. 


Test 

T^isl 

Organic  Lni|jui  nits 
L43TM  CJO) 
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■  erf  frllwiiminir  -  ‘•’nr*'  <pw  •  <un  ,ff«s  iVmrjjt  |'-tw  '  'ratrael}  trofttr  “-.i 


Tr?c 

A  SI  M  l-A’ 

bHPWC 

r  altrass 

K  hndaiion 

(A STM  Cljfi) 

Sieve  SiK 

h  i  PiiSing 

*  n  TjUSin^ 

3JS" 

IOD 

IQO 

100 

LOO 

■ 

M 

m 

m 

d5-10(3 

95- UN 

« 

#g 

m 

70 

- 

sflb 

» 

50-35 

53-75 

* 

rJ30 

3* 

71 

2.3-00 

iU-3(J 

j 

fitfQ 

32 

43 

UKifl 

lo*as 

* 

eJIQC 

E7 

2j 

1-10 

240 

*J0G 

M 

a-* 

* 

Sodium 

Suundntrsi 

(A5TMC83) 

■.VEI^Utcd  ‘  .  ID-il 

5% 

3% 

10“*  max 

1 05ii  mm 

- 

Smid  Equivalent 
tCAL  J 1 7h 

79 

78 

70  nun 

75  rt-.in 

U  u  r  ihikitY  litcti,^ 

if  al  hw 

HH 

HJ 

- 

\Eortor  Strength 
KeEaiLve  (C-AL 

1 15)  to  LHtawfl 
Sind 

■207 1 

p- 

1  -  J  0  “■  I-,  mm 

95bi  min 

*  Cgmprqwtve  strentpS.  of  cupper  ^ac  mena.'  cube5K  1(40  p-u 
r^ffnprtBS^T  strength  of  cquJ  slag  mcirtar  cubci=  ^740  psi 
Comprrasivfl  strcniji!i  of  reference  mortar  cjbes=  9400  psi. 

Ulscuiiiftct 

i  he  ctuidatc  test  t'c-r  potential  aJlcaLi  reactivity  of  aggregate s  (AS  I  M  C  was  re  be  run  on  the 
topper  slag  This  lest  wa*  .started  but  results  mold  not  be  obtained  because  lilt  test  bar:  did  out  bd 
up  Tlul di sen  .  Med  further  lh  the  ponJar'iJ  eement  ecmtttCc  I  rl  ul  batch  iL-LtiCm  bf  Hits  rCp-ift 

The  ilag  materials  corinmed  a  higher  pcrecr-tage  of  mattnal  pasting  ti«  finer  sieves  isiewe  nies  I  is 
aim  smaller,!  than  mail  speeificaaiDU  allow  t'nr  concrete  asgtc^irc  Psis  higher  fines  GtKvrenj  tan 
rziuli  in  i  raiisi i  dcLr^sse  in  ca mp re ssive  strength  and  stgiiifimuith  increase  tie  water  drmnn;: 
whjch  will  decrease  (he  sirebgilt  .usH  tlunhihu  sue  uiefcavc  :iiu  ihrinlcu'.-  afcntiereu 


??  '.'nr,  ■  ■ ' i ■  r j .  ,i' 

i  iJ  :  ii  ir^sfj.i«ii  i.  ■.•pier  jjiu  Thinij 


Jj-itauF? : :  !  iw? 
i  ff"f  •  niwhrfj  i'r.-.icrt  Sr  "  V'V-'-f*,  *a 


2  -  lJe  rforffiimce  Tt'-Urn 

i  lifl  piji-ps?2  r. f  the  phase  2  tcstmg  was  icr  tfieMMTc  specific  ptope-niaj  of  putljik  caracal  concede 
3jp3jo.lt  ccmcn!  ccnorete  jjus.cs  made  using  She  jpcnL  abrames  j-.  ihu  flttc  dgerigaLi:  arul 
Sjui  DiCgijiiea  crushed  nxJt  as  the  course  j^r'idiHe 

Putt  I  ami  Cement  Ctmcrttc  Turing 

Fws  Portland  cement  concrete  inrd  kat£hes  were  nurad  One  P=tch  tuniaitKd  copper  jlasj  as  me  fine 
:iggjccate  and  one  bald--  Cuniaiond  :oal  :lae  as  LhiC  tine  j^gte^ira  The  mix  elejigji  voidm  vtcn. 
sakiiiiied  !  .i*rd  an  Ui:;  iihsoLutc  vlliame  melhoil  Tic  mix  weights  fir  a  ,  cubic  yard  batch  ale  i-. 

(b|  Ipv.-i 

Copper  Stag  fl^irh 

_ _  _  VV'eLEjjt  pe  r  cubic  nJ  of  cgrcrcic 

Copper  Slag  L  5  SiU  pounds 

SH  X  rf J  :oars&  aggregate  t^52  pounds 
Ctdtfctni  4W  nwmds 

Water  3-25  pound* 

*  Adiiuxuift  Mssiea  RulldeCs  ?2.2N‘  19  71  ounces  per  cubic  yird  of  Caflcrcte 

Coat  S!n i>  ttatch 

tajtfP-M  . _  Weight  per  cubicjya^d  of  concrete 

Cj_hJ  siair  1474  puuhrk 

I _  X  44  course  hjgtcguc  IS  1 1  pounds 

Cement  J93  pounds 

Water  515  pounds 

+ Admixture  Master  Butldett  322N-  S'?  72  ounces  per  cabrc  sard  cfcoocrere 

4  Mater  H'llllffcn  U  reducing  admixture  copfarmoig  tplhq 

requirements  cut  A5TM  Clg4  lypa  A  watef  leducmH  aihuiimrra  Wtiicr  rctsuti,  i- ^ 
iidrrsbttures  are  EyptcaJlj  used  in  the  majority  of  concrete  mists  tn  reduce  rhr 
raqmrtd  itTKJuni  of  water  or  to  improve  workability 

The  Ccaii  rig  of  die  Lr.aJ  bjich  toon  ere  was  pedcnpseeL  na  cvaStute  the  general  chiltKCCfiSLlics  of  the 
rl.iatic  { fresh)  concrete  and  the  hardened  concrete  The  trUJ  btttdiB  wet  -■  2  i  urine  :\-el  The  results 
t-ocn  hie  tests  iwrfuttTied  wcic  itireticfcLl  re?  help  provide  an  initial  indication  as  ra  whether  or  iwJ  ;i 
might  be  feasible  Co  use  the  dag  rnalenals  in  ptiitlnnd  ccmcn!  roflefTtC 

la:  mis  aetigri  lfac  WAS  used  t™  based  oft  A  standard  production  mix  dusipn  TVc  pfc-jodJOfl  irns 
■lesion  used  Wiislitil  Cdnorete  Sind  as  tie  fine  acurcgiLc  a id  d:d  n™  Cwtam  flag  t  he  M(npIC£Sh.C 
strength  data  lar  the  ituidarc  jiradu^rjeo  nut  des^n  v,  picseiltnl  fir  general  cumpinKKi  Lu  the  trial 


lii  I  '  ■  ^vn  .nf" 

fir j1\Tj  [ifc  rF.roj. ,,n  j  Cupper  arat  C out  Sing  Tf.it./ip 


.1‘tT"  urm1 J i1  P?* 
imrgiirJiifl,Fri]fi‘  •  '..i  :  l(..r  .J. 


bitch  r^suJli  To  nun-re  accumely  evaJuilfc  iRe  effects  of  slat;  ji  MEnprnsaavo  strength,  a  Libera  iorv 
r'lcr^KiCC  li.nch  not  cqoliuninfi  "Lje  =a,ould  bc  mixed  i?  compara  ei)  rutim  trial  t=  ;> s cHl; ■ 


Tbitf  re&uJrs  af  tix  Inal  tulclua  i:c  a ,t  fuMowir 

% 

*  m  ||i  W- 

^pyrajnjiule  Ejpoctnd  'vaJaL’1 
Srmilar  CnDctrte  Made  inLh 

'■.Vsitled  C  iiiiiTrLc  Sand  i"Nl- 

CdjI  Slap  Balch 

Skimp  f  AStM  CU7i  M/3" 

Unit  Wei(hl  {ASTMCIJSt  IhMlpcf 

Ttnipecotu  1  e  IASTM  C 1  CtS-s  "JTr  t 

Selling  Tim4  CA5TM  Cioll  Ihtuot  Sc  Ttmc  iUu  imu 

14fi  i<?  M?  pcF 
“■>  tn  «  f  =■  V 
l^a  lo  2+0  min 

t-'ornpreSHve  Sirens  It  Ten  nan  S5TV  CSV:- 
'  Day  xaeriJ  psi 

2a  Dny  fTesl  1)  HOQpsi 

2hs  Dny  [Tcei  2}  jg-IOfsii 

Jfi  Pay  JirtOjwi 

’iSUay  5ZUu  to  jN.Mpu 

Mutlulus  uf  fttsniem  al  23  tUyi  iASTM  0691 
1.9W,0t»1SU 

2.300.™  lu  3,003,000  ps 

□  ryln^  ShtinLagr  ■[  ASTKt  Cli'T  '  lil^d  | 

-  Ar.  cniiddL=tl  by1  ihe  SEA  JcpujB  “  Supple  me  nEai> 
R,<K  ijmttltt  Pnlljrtl  Ott1!  fnt  C-DciUdi  df  Shrinkage  *[ 
CgnetgiE.  Mflj  SP?K 

1  day  (.<pajiaion 

■?daydrvni|  I.- -./1 2% 

1 4  doy  dryi  ng  1)  t)>0% 

21  day  drying  U.MJ5% 

2B  day  drying 

(?  D  J%  fa  D  04Vn 

Flciural  Strrntlh  (AS'I'M  C  ■  BJ 

IS  Dav  Flexural  Sireniflll-  r  )0  psi 

JMI  (0  JjD  psi 

*Tk  2H  lLs1-  unmprL'satve  stirngtiy  bat  J.lta  wal  obtained  from  a  .niiUstLCil  nummary  (ram  LOS 
pruduCtipfl  OAiehca  tttode  vvich  washed  concreie  aired  (no  stag;.  LKc  cumulative  eveuge  comp rcaaivc 
suo^lrw  ?*4S5  psi 


C super  Stan  Batch 

ITiii  Copper  SI 33  FUrth  riid  not  *er  up  Jbr  appmumitcly  t  week  aftr  baictnnij  WhUc  the 
plastic  Eoncrdc  brad  ihe  mme  gisterat  pfloparUH  21  ctuiciirte  made  with  washed  concrciii 
^uinil,  iLj : : :  1 .  - 1 : l  1  iLi-a  I  ■  24  hcn-rs  after  b-afchiTiK  lh^  COfltfdte  wJis  BiJL  sort  stud  had  rant  atotaLP&d 
initial.  $rt  nj  deterttnfted  by  AiTM  C403  The  Eoncreli;  Simple!  wd-fi  fiHcrvi'td  th  sit  unlst 
they  had  hardened  enouuh  :o  snip  The  samp  cs  were  stripped  7  days  a!tec  hatching  i  >uc 
'0  the  time  r^Pirct  butuie  the  siunples  ^ou.il  :-c  stripped,  Uie  remainder  of  ihe  ftstrisfi  wm 
not  pert'crnied 


j 
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■' 1  rr  ,'i  ■ ..  *n;f r/r«i  ■  iip!  >' r  iT-,n*  f, V'Jn  .  Mi-if 


J'rfrihHPy  rrJ  I 

i1  lT'i  "hiii'.p'.'J  Ti'p-p’r  '(.’i -T 


Hst  prop-rues  of  the  pl-mlu:  (Tresis)  mnenjte  j.:c  a?  f.-lkiw. 


Slump  (ASTM  CUT) 

Lnil  ttcghuAJilM  1.13K  1 
Tem  pn  r  n  [  u  re  (A  STM  C 1 (Jr,:-t) 
rime<ASTW  C4li:n 


r 

J^ti  6  pcf 
Tj  ifc^f'-Jes  F 

lmtjj.1 1  Set  rime  About  I  week 


[KitussEcn 


Copper  Slacj 

The  concrete  mafle  with  cuppm  il.ig,  <J«eln-r  obtain  iftilial  «t  far  ipprrmmuisrk  !  wrek  as  determined 
by  .ASTM  C'-luj  which  evaluates  time  of  setting  by  measuring  the  ilhnlilS  of  Hit  mortar  to  fesis! 
jKnciralifln  The  setting  and  cvcnriiil  Jiardcumg  of  rcmcre;::  is  due  tt>  a  chemical  reaction  betvr-seo 
:.lie  cement  and  v-aL;T  which  is  culled  bidrjUun  Water  must  t>e  present  2ur  tiydrtlitm  to  rrnitmiir 
Ihe  iFUfiWltgp  of  initial  set  uoUtnid  after  !  may  he  iomewhaj  due  to  Lie-hviinitpn  sin.Llnr  In  a 
■irking  5cd  water  mud)  mature  The  enneret;  nmplcs  aid  obtain  enough  strength  so  be  rammed 
fiflffl  ilUM*  maids*  without  leiAme  their  dupe  ahrr  appruMnusteLy  L  week  A  further  eheflucii 
investigation  Lino  the  eatss  of  :»£  lack  of  sat  of  the  cnri  ji etc  trade  skills  sepper  itu£  would  oe 
inquired  to  CttJuniX  Uts  impacts  on  lack  of  concrete  set  Outing  out  tcvrC*  if  cbtmiciiJ  ciia 
supplied  Oil  the  itUibfcriaJ  ilifety  dull  sin-aeis  alhl  the  fq)ull  Ft tJstt  CtmiUUCTilXl  Technology 
Liboraiofvetr  jn;  we  could  not  CA-ECrsnsne  iftc  cause  of  the  lad*  of  set 

r 

Coal  Slag 

Thu  U-vimg  performed  us  pan  of  tbts project  indicates  lh=;  eonereu  batch  runic  ssish  thermal  flag 
.i  fine  aggregate  had  liltuldt  Jg-duj  Compressive  arid  fttxural  strength.  ifjjdsiSuv.  :md  duutkjge 
eharueienittts  at  canonic  made  ivtih  waihed  canerite  siurd  The  .TMjy  compressive  and  f«xura! 
smength  and  modulus  result.*  were  Ismer  than  tSus  approximate  -ix-pestcd  values  for  simnm-  cnnc-eis 
made  with  washed  concrete  sand  ir.n  xLiyl  To  more  Accomrch  cuhate  tile  rest  results  s  rclctcsce 
catch  mode ’.vith  washed  concrete  sand  (noslagj  ttauJd  be perfnrrrmi  with  Futiir;  trial  haichti 

Ti:s  mLbal  seturii  lusse  'w^  [gjijer  Usasi  Hue  appioxxntale  essxcted  values  Tor  similar  cOTurttc  uO.de 
v. :  rh  was  hid  CtKKced  Stl'ld  I  no  =lagj  ItiTtrastsd  mituJ  reEiaj  time  ;an  Lead  td  piubk-ms  duung 
;:laLe.Tkf  :  uf  concrete  inch  as  Uicridsed  Unc-.ml  prtssiitc  on  rnm;c  .inn  .iclavs  m  hntnhuig  operations 
Further  letrtmg  may  he  warranted  to  evaluate  the  ftusituiliy  or  tissue  an  aceckratinjl  admwlnnf  to 
ue-eieane  ttie  Eirtung  tune 

Tiie  nuidulus  rcsyJi  ^buined.  .s  insver  lhan  the  approssmiMc  capcClcd  vplg.se  1_fli  iirruLu  ecacrete 
made  ikTth  washed,  concrete  aarjd  i  nn  sisq)  I  Ik  rn.-vlulas  is  in  Cxpmsaion  t>f  a  ttrcES  and  strain 
KljiiiMshrp  Tlie  modulas  u  very  unpwrtant  itidtsiiui  of  itrurtunsJ  tpemhen  and  fim^cr  testing  in: 
analysts  wraiEd  bz  rcq-jited  to  CVJJlittte  The  modulus  and  other  strrss-siram  reLaLLL'rtshEps  For  non 
sirdcfjral  it:ms  euco  as  BjtlWflfk  tctitbs.  i.uTtere.  iidewilics  tfc  ]  end  gravity  applicaLLoM,  when  the 
tvciah;  of  concrete  l;  nectJed,  aucli  as  dmctctc  barriers  for  vehicles  ird  iiricharj  at  dead  wtignli,  the 
iriodutus  io  litis  imporumt 

The  shrinkage  results  obtained  arc  wiTh-tuhc  approstmarcexpeiriiid  values  w  sinu  a?  concrete  made 
with  wmihed  curse rcte  saisd  irvo  slag) 
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j'bJrTj+ttrv*  i1  1  T?""" 
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Hi-:  ri-?ulL:  obuuniid  as  pin  of  this  :es' mit  may  b~  Cdfl-.ii  ,171  I  Lhdjuir:r;n  that  j,‘  u;:L(hi  Ln 
fciiiblr  to  U«  =*ai  stag  tp  rancFCfc  Tft.nwe  accurately  ov&hute  the  ciSLca  of  toll  slag  Crt  concrete. 

abpmtory  rtftftncc  botch  i.cit  aaiLurijn^  =inii  aiiOHld  be  mixed  .!  compum  lu  intuit  uut  hatohea 
I'hc  1  rt--ci.il  fit  uni  iJa$  cn  concrete  ilcxui  iL  strength,  muduluE,  and  =hfUlkaJ)0  irn  a  period  grimier 
thrift  3  It  ihys  am!  the  effects  or ohJ  slag  on  concrete  compressive  strength  far  a  period  irearcr  than 
ityi  r:J  rftccU  on  Oltaf  properties  of  cpivrr  etc  havonoc  bcci:  cLjtemiirwd  and  runjy  letting  rcm 
b;  warranted. 

L"  ’MScCt'-l  further  icsiing  ro  et-ahiare  the  lang  romi  perfornuri.e  at  concrete  rniiilc  u iff  c:.u5  sb* 
0n-  long  I  cm!  property  of  concrete  made  with  ^Ug  ih.it  ihcuin  be  further  evaJ  uated  is  expJnsmrt 
-Aft  autoclave  expum*  teat  based  an  *  nflltatliiir  iff  a  M  nuSh  .it  ASl.M  CIS  l,  Sianrijiii  lCsj 
VeuiiQC  far  Autoclave  BtfrinjiDii  of  perttand  cement  may  preside  a  preliminary  scdicatipri  tw 
possible  c\p.ULslOtl  E|  will  probably  he  necessary  to  blend  the  coat  nige;  With  a  natural  sand  beearifr? 
l’ji  the  iiiilh  rtmis  content  .i!  i he  sJag  The  high  Inas  content  ran  signruciunv  incase  the  u^atei 
demand  acicl  decrease  the  stnenglh  ind  durability 

Asphalt  Conceit  Tblting 

]'ssq  aspluit  concrete  IruJ  ba3chej  were  mixed.  One  hatch  contained  capper  nag  n,  n  pnrhal 
replacement  of  the  fine  iiggieijate  j,n4  one  tllicb  Gnnuined  coiE  as  a  pjniaJ  rrpEseemcnl  e-f  the 
fine  sgyreg:;.:ir  A  partial  replacement  of  fine  aggregate  with  .1^  ^tu  Uacd  to  meet  a  stamiird 
grading  It  id  rapectra  that  if  jLtcual  rC  InMmcnt  of  fine  aggrcgiiEE  widi  situ;  the  resulting 

mis  have  less  desirable  placement  anti  capipactiUill  characteristics  The  mx  proportions 

Lc-sed  i  fi  die  Lir,  woghr  of  aggregate  ire  a=  tottp  A-5 

Co*l  -Slft£  Batch 

CpbISIss  12*A 

Rock  Dusi'  -  1“v, 

3vB  U% 

]fT~  33% 

Copper  Biisch 

CofapcrShg- 
Roci  3>jiT'  3J% 

3/1"-  10% 

S  tV-  2\% 

Nct?-  I>tiferent  nux  prnpofttnfts  w.<jrr  rit-rd  lor  me  copper  jusd  ami  alajj  baieheE  bcca.i.ie  i!  c 
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INTRODUCTION 


In  accordance  with  the  National  Steel  and  Shipbuilding  Company 
(NASSCO)  purchase  order  dated  July  27,  1996,  number  MU300063-D,  KTA- 
Tator,  Inc.  (KTA)  has  completed  the  abrasive  testing  program.  This  report 
contains  the  results  of  the  abrasive  evaluation. 

The  program  encompasses  the  evaluation  of  two  thermally  processed 
abrasives  (coal  slag  and  copper  slag)  in  order  to  determine  if  the  submitted 
abrasive  media  conform  with  the  Steel  Structures  Painting  Council’s  Abrasive 
Specification  No.  1  (SSPC-AB1).  A  copy  of  this  specification  is  attached. 
Additionally,  information  concerning  the  breakdown  rate,  amount  of  dust 
generated,  and  particle  size  distribution  of  the  media  was  determined. 

Photographs  of  the  abrasive  blasting  process,  equipment  and  abrasive 
media  are  appended. 
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SUMMARY 


The  results  of  this  evaluation  are  shown  in  Table  1 .  Descriptions  of  test 
procedures  are  located  in  the  section  of  this  report  entitled  “Test  Descriptions, 
Results  and  Data  Interpretation.” 

Based  on  the  laboratory  results  obtained,  neither  of  the  abrasive  materials 
submitted  by  NASSCO  met  the  requirements  of  the  SSPC-AB1  specification. 

The  coals  slag  abrasive  did  not  meet  the  requirement  for  oil  content  as  outlined 
in  section  4.1 .6  of  the  specification,  but  further  testing  of  separate  samples 
submitted  at  a  later  time  revealed  results  within  the  specification  requirement. 

The  copper  slag  abrasive  material  did  not  meet  the  oil  content  criteria  as 
received.  Additionally,  the  copper  slag  media  displayed  high  water  soluble 
contaminants  with  conductivity  levels  3.5  times  higher  than  the  maximum 
allowable  as  outlined  in  section  4.1 .4  of  SSPC-AB  1 .  Additional  samples  of  the 
copper  slag  abrasive  received  in  a  separate  shipment  from  NASSCO  also  did  not 
meet  the  requirements  of  SSPC-AB1  for  oil  content  and  water  soluble 
contaminants. 

NASSCO  was  interested  in  learning  the  effect  that  washing  the  abrasive 
samples  in  deionized  water  had  on  the  water  soluble  contaminant  and  oil  content 
results.  Since  ASTM  D-4940  “Test  Method  for  Conductimetric  Analysis  of  Water 
Soluble  Ionic  Contaminants  of  Blasting  Abrasives”  requires  the  abrasive  / 
deionized  water  mixture  to  be  filtered  and  the  filtrate  tested,  NASSCO  requested 
that  an  additional  volume  of  deionized  water  be  added  to  the  filtered  abrasive 
and  re-tested  for  water  soluble  contaminants  and  the  presence  of  oil.  This 
“washing”  reduced  the  water  soluble  contaminants  to  levels  acceptable  by 
SSPC-AB1  (less  than  1000  microsiemens).  Additionally,  non  oil  was  found  in  the 
copper  slag  abrasive  after  washing. 

Both  abrasive  materials  contained  particles  of  debris  ranging  in  size  from 
approximately  Vi  inch  to  7/8  inch  in  diameter.  This  debris  consisted  of  what 
appeared  to  be  rust  scale,  masonry  aggregate,  pieces  of  wire  and  pieces  of 
plastic.  This  debris  could  pose  a  safety  hazard  to  abrasive  blast  cleaning 
operators  and  may  damage  abrasive  blast  cleaning  equipment.  This  debris  was 
removed  prior  to  processing,  but  this  debris  indicated  a  potential  for 
contamination  of  the  samples.  Both  blast  cleaning  media  exhibited  high 
breakdown  rates  indicating  further  recycling  may  not  be  practical. 
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TEST  DESCRIPTIONS,  RESULTS  AND  DATA  INTERPRETATION 

A  description  of  the  test  protocol  for  each  of  the  evaluations  conducted 
follows,  along  with  a  summarization  and  interpretation  of  test  results. 

Abrasive  Sampling  Procedure 

The  entire  amount  of  each  abrasive  media  was  riffled  separately  three 
times  to  insure  homogeneity  and  provide  a  uniform  distribution  of  particle  sizes. 
The  riffling  device  was  cleaned  before  and  after  use  with  clean,  dry  compressed 
air  to  eliminate  any  cross  contamination  between  the  coal  slag  and  copper  slag 
materials.  Abrasive  samples  were  collected  from  the  homogenous  mixture  for  all 
testing.  This  procedure  meets  in  general  the  requirements  of  ASTM  D-75 
“Method  for  Sampling  Aggregates.” 

Pre-Blast  Size  Distribution 


Sieve  analysis  was  performed  for  the  test  abrasive  to  establish  the  pre¬ 
blast  particle  size  distribution  for  each  of  the  two  abrasives.  The  information  was 
subsequently  used  to  calculate  breakdown  characteristics  of  the  abrasive 
materials.  Testing  was  performed  in  general  accordance  with  ASTM  C-136 
“Standard  Test  Method  for  Sieve  Analysis  of  Fine  and  Coarse  Aggregates.” 
Briefly,  the  entire  amount  of  each  abrasive  was  riffled  three  times  to  obtain  a 
uniform  mixture  of  particle  sizes.  Subsequently,  a  one-hundred  (100)  gram 
sample  of  each  abrasive  was  tamped  through  a  series  of  thirteen  sieves  for 
seven  (7)  minutes.  The  USA  Standard  sieve  sizes  used  for  the  testing  included 
No.’s  10,  12,  16,  20,  30,  40,  50,  60  70,  1 00,  1 40,  200,  270  and  a  solid  pan  at  the 
base  of  the  sieves.  The  abrasive  retained  on  each  sieve  was  weighed  on  a 
balance  capable  of  measuring  to  0.1  gram.  The  percent  abrasive  retained  on 
each  sieve  was  recorded.  Data  are  found  in  Appendix  1 . 

Test  Results 

The  results  of  the  pre-blast  particle  size  distribution  for  both  the  coal  slag 
abrasive  and  the  copper  slag  abrasive  are  found  in  Appendix  1 .  The  post-blast 
analyses  (for  calculating  breakdown  characteristics)  are  also  found  in  Appendix 
1. 
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Percentage  Breakdown  /  Dust  Generation 

Percentage  breakdown  /dust  generation  testing  was  performed  to 
determine  post-blast  cleaning  particle  size  distribution  and  the  quantity  of  dust 
generated  by  the  test  abrasives.  Abrasive  breakdown  was  calculated  based  on 
the  comparison  of  the  pre-blast  versus  the  post-blast  particle  size  distribution  of 
the  abrasive  mixture.  Percentage  breakdown  was  determined  by  finding  the 
percent  change  in  average  particle  size  of  each  abrasive.  A  specially  designed 
blast  chamber  equipped  with  an  impact  plate  and  a  dust  reclamation  bag  was 
used  for  the  testing.  Figure  1 .  is  a  drawing  of  the  blast  reclamation  chamber. 
Using  a  Vz  inch  diameter  abrasive  metering  orifice  (located  at  the  base  of  the 
blast  pot)  and  a  3/8  inch  venturi  blast  nozzle,  a  100  pound  quantity  of  each 
abrasive  was  propelled  into  the  chamber  at  an  air  pressure  of  100  psi  against  a 
3/16  inch  steel  plate  at  a  distance  of  18  inches  from  the  nozzle  to  the  steel  plate. 
The  dust  accumulated  in  the  reclamation  bag  was  weighed  to  determine  the 
amount  of  dust  generated  (percentage  of  total  sample  weight).  The  dust  was 
then  combined  with  the  settled  abrasive,  and  the  resulting  mixture  was  riffled  two 
times  to  obtain  a  uniform  mixture  of  particle  sizes.  A  sieve  analysis  was 
performed  on  the  riffled  abrasive  to  determine  the  post-blast  cleaning  particle 
size  distribution  and  resulting  percentage  breakdown  (see  method  described  in 
the  “pre-blast  particle  size  distribution”). 

Test  Results 

The  percentage  breakdown  for  the  coal  slag  abrasive  was  determined  to 
be  52.8%.  The  copper  slag  abrasive  material  revealed  a  percentage  breakdown 
of  42.6%.  The  amount  of  dust  generated  by  the  coal  slag  abrasive  was  12.2%. 
The  amount  of  dust  generated  by  the  copper  slag  abrasive  was  9.0% 

Data  Interpretation 

Abrasive  breakdown  data  is  useful  in  assessing  the  recyclability  of  an 
abrasive.  It  refers  to  the  percentage  of  the  original  particle  size  distribution  that 
“shifted  out”  (decreased)  as  a  result  of  surface  impingement  during  abrasive  blast 
cleaning.  The  test  results  yielded  the  following  conclusions: 

Both  the  coal  slag  and  the  copper  slag  abrasives  tested  possessed  a  high 
percentage  particle  breakdown  compared  to  abrasive  materials  that  are  typically 
recycled  (steel  shot,  steel  grit,  aluminum  oxide,  garnet);  consequently,  they  are 
not  deemed  good  candidates  for  further  recycling  unless  provisions  are  made  to 
remove  the  fine  particle  sizes  (greater  than  70  mesh).  Typical  values  of 
percentage  breakdown  for  steel  grit  and  steel  shot  abrasives  range  from  less 
than  1%  to  3%.  Typical  percentage  breakdown  values  range  from  10%  to  20% 
for  aluminum  oxide  abrasives,  and  15%  to  30%  for  garnet  abrasives. 
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figure  1  KTA-TATDR  ABRASIVE  BREAKDOWN  CHAMBER 


Surface  Pro  I  Me  Generation 


Surface  prcti  tj  generation  lasting  was  performed  in  accordance  with 
seen  on  4  3  of  SSPC  AS  1  Abrasive  tiiast  deamng  with  both  eoaf  stag  anO 
lha  eeppe1  slag  was  perfo.-rnod  with  a  3.'0  inch  (k£o  6i  ventuu  nozzle  with  a 
"ozzie  pressure  of  i  00  pE  al  a  distance  of  18  inches  from  \  ~e  sleel  surface  ar  ar- 
ancle  of  9C  ctyrues.  Fjvb  surface  profile  measuremBnlEi  were  taken  PE 
randoms^  sotted  locations  on  the  test  panels,  n  accordance  with  Mt'lhnd  C  ot 
AS  TM  0-441/  "Test  Mel  hod  for  Field  Ms  &g  we  mem  pi  Surface  Prcfiia  pt  Bias1; 
Cleaned  Steal' 

Tes f  ftesutts 

The  surface  profile  generation  results  are  shdwrf  in  the  following  tables-: 


Abrasive 

Surface 

Profile 

(mils| 

Average 

Surface 

Profile 

(mils) 

Coal  S=iag 

4.0 

4.0 

4,0 

3.9 

4  G 

3.9E 

Copper  Slag 

3,5 

3.0 

3.6 

3.6 

4  G 

3.72 

Data  interpretation 

Both  th&  coal  slag  and  ihtt  copper  slag  abrasive  met  the  requirements  of 
ESPC-AB  1  and  uoth  would  be  deemed  Type  LI  -  Slag  Abrasives  Gracte  4  uy  the 
specification. 

Abrasive  Specific  Gravity 

The  specific  gravity  of  each  abrasive  was  determined  m  accordance  with 
ASTM  C-123  Test  Method  for  Specific  Gravity  and  Absorption  of  -jne 
Aggregates"  as  outlined  by  SSPC-AB  1  section  4.1,1, 

Test  Results 


4  he  results  of  this  (sating  ara  srfown  the  table  that  follow*.  Arso  shown  is 
the  calculated  appro  ornate  bulk  density  of  the  materials,  "rnis  was  determined 
by  mutoplyir  q  die  specific  gravity  by  (he  density  of  water  (62. J  Ib.V'. 


Abrasive 

fm  IIIIM 

Coal  Slag 

239 

100 

Copper  Slaq 

2.74 

171 

Data  foteiprstz gffon 


Tne  mm  mum  specific  -a ravlty  required  hy  SSPC’AtJ  I  5  2 . 5  rheisfQT-* 
both  abrasive  media  me!  ihis  require  men!  Generally,  copper  slag  abrasives 
hove  hiqne?  spec  lie  gravity  yaiues  than  coal  slag  abrasives  The  results 
obtained  fur  ihis  proi-eot  were  determined  irom  ur\i y  one  randomly  selected 
sample  pi  each  abrasive  Averaging  :ha  results  01  m  . r  pie  testing  it  ay  provide 
mo rs  significant  ra  salts.  Abrasive  laying  higher  densliieg  lend  to  deugJop  higher 
■  energy  under  the  sa no  operating  cc fid' t ions.  which  n  'urn  increase  t~e 

effectiveness  oi  thre  abrasive. 

A brasive  Hardness 


Hardness  of  each  abrasive  was  determined  in  accordance  with  anode n 
4.1.2  of  SSPC-AB  1 

Just  Results 

Tnecoal  sleg  abrasive  and  the  copper  i.lag  abrasive  exhibited  "Qrdness 
values  greater  than  6  or'  Use  Mohs  scale, 

Da  fa  Interpneianort 

The  hardness  0!  both  afiTasiyd  media  exceeded  the  minimum  requirement 
nictated  by  the  specification 

Water  Soluble  Contaminants 


The  conductivity  of  the  abrasive  was  determined  in  accordance  with 
ASTM  V  4940  "Tast  Method  fur  Conduct  metric  Aralys  s  of  Water  Soluble  Ionic 
C  ontami  n  a  nl  5  c  1  Fi '  a  sti  ng  Abrasives"  B  riel  ly  .this  met  hod  ■  n  vq  Ived  mini  n  g  a 
known  amount  r>l  abrasive  wnh  a  known  amount  of  water  mixing  for  a  slated 
penod  oj  cme  f-.irenng,  and  then  analysing  iha  soluiian  with  a  conduc-  V'.-y 
meter. 

Test  Results 


The  results  are  shown  in  ihe  following  table: 


Abrasive 

Conductivity  (micros] omens) 

Coai  Slap 

235 

3500 
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Data  Intepretation 

SSPC-AB  1  requires  that  the  conductivitiy  of  mineral  and  slag  abrasives 
be  less  than  1000  microsiemens.  The  copper  slag  material  did  not  meet  this 
requirement  and  subsequently  does  not  meet  the  requirements  of  SSPC-AB  1 
specification.  KTA  did  not  test  samples  of  the  abrasive  media  prior  to  thermal 
processing,  therefore  no  information  exists  concerning  the  water  soluble 
contaminants  of  the  virgin  material.  Industrial  methods  may  be  available  to 
reduce  the  amount  of  water  soluble  contaminants. 

Oil  Content 


The  oil  content  of  the  abrasive  was  determined  in  accordance  with  SSPC- 
AB  1 .  Briefly,  this  method  involved  mixing  abrasive  with  an  equal  volume  of 
deionized  water,  letting  it  stand  for  30  minutes,  and  then  evaluating  the  water  for 
the  presence  of  oil. 

Test  Results 

The  coal  slag  abrasive  and  the  copper  slag  abrasive  revealed  the 
presence  of  oil. 

Data  Interpretation 

No  amount  of  oil  is  permitted  by  the  SSPC-AB  1  specification.  Therefore 
the  two  abrasives  samples  submitted  to  KTA  did  not  meet  the  specification 
requirements  as  received.  Since  the  SSPC-AB  1  specification  does  not  require 
that  the  type,  quantity,  color,  or  physical  characteristics  of  the  oil  be  identified, 
this  information  was  not  determined. 

Water  Soluble  Contaminants  /  Oil  Content  of  Additional  Abrasive  Samples 

Additional  samples  of  both  the  thermally  recycled  coal  slag  and  copper 
slag  media  were  tested  to  verify  the  water  soluble  contaminant  and  oil  content 
results.  These  tests  were  preformed  as  described  previously.  The  conductivity 
of  the  coal  slag  abrasive  was  determined  to  be  220  microsiemens.  The 
conductivity  of  the  copper  slag  abrasive  was  determined  to  be  4200 
microsiemens.  No  oil  was  observed  in  the  coal  slag  media.  The  copper  slag 
abrasive  contained  a  trace  amount  of  oil  in  a  thin  film  floating  just  beneath  the 
surface  of  the  water.  The  oil  was  a  reddish-brown  reflective  color  and  had  an 
approximate  circular  size  of  1/8  inch  diameter. 
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Water  Soluble  Contaminants  /  Oil  Content  of  Washed  Abrasives 


Since  ASTM  D-4940  “Test  Method  for  Conductimetric  Analysis  of  Water 
Soluble  Ionic  Contaminants  of  Blasting  Abrasives”  requires  the  abrasive  / 
deionized  water  mixture  to  be  filtered  and  the  filtrate  tested,  NASSCO  requested 
that  an  additional  volume  of  deionized  water  be  added  to  the  filtered  abrasive 
and  re-tested  for  water  soluble  contaminants  and  the  presence  of  oil.  This  was 
done  to  determine  what  effect  washing  the  abrasives  with  deionized  water  has  on 
the  results.  Test  results  obtained  after  this  “washing”  were: 

A  45%  decrease  in  conductivity  for  the  coal  slag  abrasive 
(220  microsiemens  to  120  microsiemens) 

An  80%  decrease  in  conductivity  for  the  copper  slag  abrasive 
(4200  microsiemens  to  840  microsiemens) 

No  oil  was  observed  in  either  the  coal  slag  or  the  copper  slag  media. 
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